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',\:;~J.Llde8 the first full year of field activities to be conducted under 
H",,; Study (D-1). This report does not, however, present the initial 

1M hjch has been collected on the effects of logging on fish habitat. 

dIn;, tll'ell tn.to logging effects on rearing fish habitat was started under 
lr' D, Ii arden Study (R-IV). In 1970, it was decided that research was 

'88a1y in determine what effects logging operations have on the stream 
'e.'::ne'o by the Dolly Varden, Salvelinus malma, during their freshwater 

g stl.lges As a result, a separate job entitled, Effects of Logging on 
:L~~l'd~'~. (R-IV-B) , was initiated under the Dolly Varden study. 

INI, ",Hit'S of research, the major emphasis no longer rested solely with 
VHj,jel'! j but had expanded to include all rearing salmonids. In addition, 

waf::- feU ,hat a broader scope of study, covering all phases of land use activities, 
":It thill, solely logging operations, was necessary. Consequently, it was 

llk;ll'.:l~~d ~hat the effects of logging research be removed from the Dolly 
,', and a new overall Land Use Study be established. The following 

i: the initial activities conducted under this new study. 
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Volume 14	 Report No. D-I-B 

RESEARCH PROJECT SEGMENT 

State: Alaska 

Project No. : F-9-5 Name:	 Sport Fish Investigations of Alaska 

Study No.: D-I Study Title:	 A Study of Land Activities and 
Their Relationship to the Sport 
Fish Resources in Alaska. 

Job No.: D-I-B Job Title:	 Ecology of Rearing Fish 

Period Covered: July 1, 1972 to June 30, 1973. 

ABSTRACT 

Wire mesh minnow traps were tested as a device for determining population 
estimates, population indexes, and species composition of rearing Dolly Varden 
Salvelinus malma, and coho, Oncorhynchus kisutch, populations in small streams. 

Analy sis of length frequencies of juvenile Dolly Varden and coho revealed that 
minnow traps are size selective and seldom capture coho smaller than 41 mm and 
Dolly Varden less than 61 mm. 

It was found that minnow traps serve as a poor method	 for determining population 
indexes as they do not capture a consistent percentage	 of the rearing fish community. 

Minnow traps were shown to be a reliable method of determining the species 
composition of rearing communities. 

The effectiveness of the back-pack electrofisher to assess fish population was 
also evaluated and it was found that catches made by repetitive shocking in an 
enclosed stream section were similar to the results obtained through the use of 
Peterson estimates. 

Results of experiments determining the feasibility of minnow traps as a population 
estimating device were not adequate and no conclusions could be drawn from the 
data. 
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Aquatic insect surveys of 29 stream and river systems were compiled and a 
provisional list of S. E. Alaskan aquatic insects was constructed. 

An annotated bibliography on rearing salmonids in streams. containing 93 citations. 
was compiled. 

R€COMMENDATlONS 

Fjeld surveys conducted in 1971-72 of logged areas in southeast Alaska indicated 
tb.at there are many streams that have been damaged by debris and slash from 
logging> operations (Reed and Elliott. 1972). In many cases, slash and debris 
completely cover stream channels indicating that some type of debris removal 
may	 be necessary to restore streams to their original condition. 

S mce little is known about the degree of removal necessary to restore rearing 
fish	 habitat, we feel that a study to determine the effects of debris removal is 
n;O:,~ded if these areas are to be restored to their optimum production. 

Past research (Hood Bay Creek. Alaska) suggests that juvenile Dolly Varden and 
e.)ho move upstream to warm. spring-fed tributaries to overwinter (Blackett. 1968) . 
These movements may be an attempt to escape severe icing conditions in the main
stream. Temperature studies at Hood Bay Creek have revealed that the spring-
fed tributaries maintain a yearly temperature of 4:l-430 F while the mainstream freezes 
(Elliott and Armstrong, 1972) . 

To gain a better understanding of salmonid rearing requirements during the winter, 
\Ai c feel that a study to determine the role of overwintering areas would be of benefit. 

The	 effects of canopy removal on summer stream temperatures has been well 
documented in the literature, but there is little information relating canopy removal 
to winter temperatures. Green (1950) indicates that lower temperatures are 
experienced during the winter in exposed streams which may cause detrimental 
ke	 conditions and delay development of incubating salmon eggs. It is possible 
tilat	 removal of overstory around small streams may decrease the water temperature 
in small rearing streams that are vital as overwintering areas. 

\/lie feel that a study of the effects of canopy removal on winter stream temperatures 
\irould contribute to the overall understanding of rearing fish ecology and supply 
needed information for recommendations concerning land use activities. 

future studies on the Ecology of Rearing Fish. using the data collected this field 
season as baseline information, should include the following objectives: 

i,	 Determine the feasibility of conducting a study on the effects of debris 
removal on fish populations in small streams. 
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Determine the feasibility of conducting research on th~ im~ortance of
 
spring-fed tributaries for overwinter survival of rearmg fISh.
 
Establish guidelines for future research on the effects ~f can?py removal
 
on temperature and ice conditions of small streams durIng wmter months.
 

Since this year1s data to determine if minnow traps are useful as a
 
population estimator were inconclusive. it is recommended that this
 
objective be continued
 
Ccntinue to collect aquatic insects to determine their distribution,
 
abundance, and species diversity within certain types of rearing fish
 
habitat and their relationships to rearin€, fish populations.
 

{)BcIECTIVES 

prepare an annotated bibliography on rearing fish. 
'To determine methods of making reliable population estimates of rearing 
fish, 
To determine the distribution, abundance, and species diversity of 
fig uatie insects within certain types of rearing fish habitat and the re
lationships to the rearing fish populations . 

.!:-~lcation and Description of Study Site 

t\ small stream in the Kadashan drainage (Chichagof Island, Lat. 570 42' Long. 
1~'5031 ; Quad Sitka C--4) was selected for this study (Fig. 1). The stream averaged 
about 6 fel;1 wide with a length of approximately 1 mile accessible to fish. The 
stream is typical of many in southeast Alaska with deep pools, slow to moderate 
velocity, extensive undercut banks and overhang'ing vegetation, and with heavy 
01 ganic deposits. The stream is dominated by populations of rearing anadromous 
Dolly Varden and coho salmon. There are also small numbers of rearing cutthroat 
(~almo clarki) and steelhead (SaOOo gairdneri) present. 

TECHNIQUES USED 

Iltc'study stream was surveyed and marked into sections 50 feet in length. For 
each population estimate a 50-foot section was blocked off at the upper and lower 
er:dswHh fine mesh nylon seine nets to keep fish from entering or leaving the 
sectior: Ten double-ended conical minnow traps (Blackett, 1968, p. 73) baited 
With fresh salmon eggs were placed at evenly spaced distances in the section. 

T! if: S were allowed to fish for one to two hours, then removed. The fish were 
r~;moved from the traps, anesthesized with M.S. 222, counted, measured, and then 

marked with either fluorescent pigment or by fin clips. 

When using granular fluorescent pigment, the material was sprayed from a 
(~onventional paint spray gun attached to a scuba tank air source. Fish were 
pLlCed in a wire mesh basket and sprayed thorou~,hly at 80 p . s. i. , holding the 
nczzlp approximately one foot away. 
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During the latter part of the season. fin clips were used instead of fluorescent
 
pigment. Fish were given a temporary mark by removing the tip of the upper
 
or lower caudal lobe .
 

)nce the marked fish had recovered from the effects of the anesthetic. they were
 
lmmediately released in the enclosed section and allowed to distribute themselves
 
as much as possible. Distribution usually occurred within about 10 minutes.
 

I'he enclosed section was then shocked with a backpack electrofishing unit until
 
,10 more fish could be captured. It was assumed that if no more fish could be
 
~aptured then a close approximation of the actual rearing populations had been
 
)btained. 

t"ish were then examined for fin clips or scanned with a portable ultraviolet light
 
. 0 detect fluorescent pigment marks and marked-unmarked ratios were obtained.
 

?opulation estimates were derived from marked/unmarked ratios by using Chapman's 
modification of the Peterson formula (Ricker. 1958): 

N (M+l) (C+l) 

R+l 

N : Population estimate
 
!'VI ::: Number of fish marked
 
C -:: Number of fish in recapture sample
 
R =: Number of marked fish in recapture sample (C)
 

Est!mates were tested for bias by using the following methods described by 
Hobson and Reiger (1964): M+C ~N or MC>4N. These conditions were met by all 
the estimates conducted and thus are considered to be unbiased. 

Tne ability of minnow traps to provide a population index was determined with the 
above methods. The initial trap catch was then statistically compared to the 
population estimates using the Chi-square method of Snedecor and Irwin as described 
in Snedecor (1962). 

To evaluate the minnow trap as a population estimator. traps were used to catch
 
tne initial fish for marking which were then released and allowed to distribute
 
themselves. Minnow traps were used as a recovery device to obtain fish for
 
a marked/unmarked ratio. The section was then shocked until no more fish were
 
collected to evaluate the methods' accuracy.
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'Tle shocker was evaluated by comparing the total catch (shocking until no more 
fish were captured) to the estimate for that respective section. These values 
were statistically compared using the t-test for the difference between the means. 

T l.e species composition of fish captured in traps was compared to the .species 
composition derived from the estimated population and analyzed by ChI-square 

And t-tests. 

T') determine if minnow traps were size selective, the length frequencies ?f fish 
captured by minnow traps were statistically compared (using Chi-square goodne~s . 

fit~) to the length frequencies of the total population of fish captured by electrofIshmg .. 

Aquatic insects were collected by surbur sampler and aerial net. Specimens 
were preserved and taken to the highest taxonomic level possible. Data on the 
collections were compiled and a provisional list of aquatic insects in southeast 
Alaska was assembled. 

FtNDINGS 

Analysis of length frequencies of rearing Dolly Varden (Salvelinus malma) and 
coho salmon (Oncorhynchus kisutch) caught by trap and by the clectrofishing method 
showed that traps do not capture a representative sample of the different size 
groupB in the rearing community, and are size selective (Figs. 2 & 3). Statistical 
analysis (Table 1) showed that the length frequency distributions of fish obtained 
from minnow traps and electrofishing gear are equal for DoUy Varden over the 
length interval 61-150 mm, and for coho over the length interval 41-100 mm. The 
major disparity between trap and shocker catches occurred in fish measuring less 
than 41 and 61 mm for coho and Dolly Varden, respeGtively. Observations indicate 
that small coho are capable of escaping through the screen mesh of the traps but 
it is also possible that young fish avoid the traps because of the presence of larger 
fish. 

To give continuity to estimates made from fish collected over a wide variety of 
hHbitats, occupied by varying proportions of fish under and over the minnow trap 
catchable size estimate, were conducted only on fish that ranged, 61 - 150 mm 
(Ilolly Varden), and 41-100 mm (coho) in size. 

~\ aluation of E1ectrofishing Techniques 

Using the assumption that electrofishing equipment could capture all the fish in 
an enclosed 50' section, each test section was shocked repeatedly until no more 
ush were captured. The number of passes through the section varied from 2 
to ~i. depending upon the density of fish and the amount of cover available that 
fibh could escape to. 
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!ahle t. Length Frequencies of Fish Captured by Minnow Trap and 

Elf'ctrofishing Gear and Summary of Goodness of Fit CalculAtion. 

Dolly Varden Coho 
I,eng t (mm) Trap E1ec troUsh Trap E1ec trofish 

- !.to 0 14 0 145 

" J .. 50 0 80 8 30 

) - 6U 52 127 74 162 

70 61 121 82 132 

.. 80 100 135 21 39 

'10 72 107 7 10 

- 1(10 "i8 SO 1 2 

i r '11 -< "j 1"'i.) 23 29 

! 1 j -120 9 9 

1, I-lID 4 6 

1" [ - 11+0 4 7 

1, 1··150 1 1 

Iota 1 364 686 193 520 

Summary of Goodness of Fit Calculation 

tength Degree of Calculated Critical Value 
.~~pec ies Interval Freedom Chi-sguare (5/0 Leve l) 

1 nho J1-100 6 86.06 12.59 

41-100 5 8.71 11.07 

Do 1 Varden 31-150 11 80.62 19.68 

51-150 9 22.15 16.92 

61-150 8 9.06 15.51 
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T'lble 2. Statistical Comparison of Total Shocker Catches and Calculated 

Peterson Estimates, Showing the Percent Difference. 

"---~--»'----

Dolly Varden (N = 11) Coho (N := 10) 
Pop. Est. Catch % Diff. Pop. Est. Catch % Diff. 

]03 81 27 .16 49 44 11.36 

'i8 54 7.41 22 20 10.00 

57 36 2.78 36 35 2.86 

35 33 6.06 6 5 20.00 

;~, .j 41 9.76 25 23 8.70 

17 16 6.25 17 16 6.25 

12 11 9.09 18 17 5.88 

17 16 6.25 9 8 12.50 

12 11 9.09 18 17 5.88 

8 35 8.57 37 36 2.78 

~ '-t ·:/t 42 4.76 

\13;( 0/ 
/0 DiU '" 27.16 Max. /0 Diff 20.00 

Wlin 0/ lEff 2.78 Min. % DiH = 2.78 

Mean ! Diff '" 11.17 Mean /0 Diff 7.23 
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rhe total number of fish captured by electrofishing equipment in each section 
\I: ns c'ompared statistically to the Peterson estimate for that section. 

fhf' mmlber of fish collected with the shocker closely approximated the calculated 
P,'tprson estimate for each test section Cfable 2). The mean difference between 
!.~IP shocker catches and the Peterson estimates was determined to be 11.17% for 
Dolly \/ rden and 7 23% for eoho. 

l'he SlOp, m the legression lines (Figs. 4 and S) show that almost a 1-to-1 
ratio {>Kj sts between the shocker catches and the Peterson estimates and that a 
gond ('('J"l',:d,ntion (r 2) Exists 

Iller!'- no known method whereby every fish can be remo:ved from a stream section 
':nth absolute certainty. Consequently, we are uncertain as to which method, 
repehthrp shocking or Peterson estimates, are the most accurate means of determining 
rearing fish populations. However, we do know that both methods yield similar 
r'esults iind that 8.n approximation of the numbers of fish living in a stream section 
I. 'an be ob~f:dned without conducting Ii Peterson marked/recapture estimate. 

~linnowLr.,~ Method as a Population Index 

I was felt that minnow traps might be useful in making population indexes of 
rearing in small streams, If the minnow trap catch is density dependent 
then thl~Y may be able to capture a consistent percentage of rearing Dolly Varden 
and coho 111 each enclosed section. The use of minnow traps as a population indicator 

rearing fish populations would enable one to quickly assess the quantity of rearing 
fish in I::i "wction of stream without making a formal population estimate. 

! her.: iVllf; L~onsiderHble variation in the percentage of the estimated Dolly Varden 
and coho populations captured by minnow trapsi (Figs. 6 81 7). Trap catches were 
statisUcaHy eompared to the population estimatE~s in the test sections and Chi
':;quare j ~•• level significance) showed that the trap catches were not consistently 
proportionate to the estimated populations of Dolly Varden and coho. Therefore 
we feel that minnow trap catches do not provide! a reliable index of rearing Dolly 
Varden and coho populations and that catches may be governed by factors other 
~rHU; population density . 

.m rw(, replications were conducted to determine whether minnow traps COllid 
be utilized to estimate rearing fish populations. As a result, the data was incon
Jusi Vt' !lnd the objective could not be fulfilled. 
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I ~,_~~~_ati~m_yf Species Composition Obtained by Minnow Traps 

lietd observations indicated the possibility that minnow trap catches may be able 
tn I cOect the species composition of the rearing community, as the percentage 

[lolly Varden and coho captured in traps appeared to be similar to the composition 
,I' } oung char and coho in the estimated populations, T-tests showed that the percent 

species composition of the rearing fish captured in minnow traps was similar to the 
percent composition of Dolly Varden and coho in the estimated population (Table 3) , 

!1~ mean difference between the minnow trap species composition and the estimated 
Htion composition was -4,22% with a range of 0% - 23% difference, 

\. nUWldW trap. because of its field mobility, has become increasingly popular 
w i:h varlOUS fisheries agencies in southeast Alaska for evaluating small rearing 
fish Htream:c" Often. recommendations concerning logging and other land use 
Hclivitiet> Hre based on minnow trap results, 

-;j !l(f(, rmnnow trap catches vary considerably and do not catch It eonsiHtent pOl't!on 
li l'carihg i ,lolly Vurden and coho populations. they should not be UHHd IIH a tool 

4uHntitlltivdy 11880S8 a populntion for reeommf'ndation purpoHClH, 

Elpctrofistling methods for estimating popUlations appear to be promising. But 
many streams in southeast Alaska are filled with physical obstructions, such as 
jo~:s, brush, and exposed root systems, Other have been filled with debris 
fnm logging activity making it almost impossible to use a shocker, Under these 
conditions minnow traps have been extensively used" But where critical analysis 
j s :cequired for recommendation purposes. some other methods should be adopted 
:Il' used as a supplement. 

l' f' fluorescent pigment marking technique was found to be unsuitable for this 
l's needs The technique requires a considerable amount of equipment that 
(j.:, S the n'obility for general field use, The technique is best suited for murking 

large volumes of fish and was impractical for the small numbers encountered at 
'.IH studv site 
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Table J. Species Composition of Dolly Varden and Coho in the Estimated 

Population and in Minnow Trap Catches (N = 27). 

Species Composition in 10 Species Composition Diff. + Between-
Estjmated Population in Minnow Trap Catches Est. Pop.& Trap Compo 

!)olly Varden Coho Dolly Varden Coho 
<._._,_._---

k7 13 81 19 6 

h6 34 60 40 6 

67 33 67 33 0 

"; } 
.:~ 28 74 36 2 

') 1. 49 53 47 - 2 

85 15 85 15 0 

'iO 40 66 34 -16 

64 36 79 21 -15 

~o 60 47 53 - 7 

)5 45 61 39 - 6 

67 33 68 32 - 1 

,- ,
)q 46 56 44 - 2 

61 39 66 34 - 5 

56 44 66 34 -10 

60 63 37 -23 

47 53 40 60 7 

~- "")nL 38 54 46 8 

75 25 85 15 -10 

63 37 75 25 -12 

61 39 52 48 9 

'i7 43 66 34 - 9 
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"'ab Ie 3. Species Composition of Dolly Varden and Coho in the Estimated 

Population and in Minnow Trap Catches (N = 27) (continued). 

Species Composition in % Species Composition Diff. + Between 

Estimated Population in Minnow Trap Catches Est. Pop. & Trap Compo 

)() It v Varden Coho Dolly Varden Coho 

Lf8 52 64 36 -16 

h1 39 60 40 1 

'i8 42 56 44 2 

\8 62 53 47 -15 

') J 49 46 54 5 

43 57 50 50 - 7

Tot 11,· 6 J'%,	 37"10 64/0 36% - 1 

Range:	 Dolly Varden -23 to +9/0 Difference 

Coho - 9 to 23/ Difference0 

Mean Difference: Dolly Varden -4.22%
 

Coho +4.22%
 

Standard Deviation of Differences = 8.55
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Ag~latic Insect Surveys 

The following survey reports present information on aquatic insects from each 
st:ream examined from 1969 to summer of 1972. 

All the surveys were qualitative in nature, as quantitative sampling requires 
intensive and lengthy sampling programs to approach accurate numerical values 
for each insect species. The number of samples usually varied between one and ten 
for all the systems, except for Hood Bay Creek where 83 samples were taken. 

Collection data is presented in an abbreviated, simplified form. For complete 
understanding of the classification scheme of the specimens collected, refer to 
1 able 4. 

'I he Nakina River, in British Columbia, is included in the survey lists. It is 
felt that even though the river does not flow through Alaskan territory, it is 
part of the Taku River system, and many aquatic insects found in the Nakina are 
also common to the lower reaches of the Taku. Thus survey results from the Nakina 
and Taku (listed under glacial systems) should be examined together. 
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,:orl1cr Bay Creek (6/9/72)
 
"j"7 °l,!r' JO"N, U5 °07' 30"W; Quad. Sitka C-4
 

Ephf'meropterd 
Hal,tis sp. 
~:inygmula sp. 
Epeorus sp. 

JecoptL'eJ 

Nemoura oregonensis Cisn.
 

Leuctra sara Clsn.
 
Alloperla !eveistoki Jewett
 
Allopcrla orcgonensi~ Frison
 

Tri dlOptera 
.lmnephilid c 

f!ip.:cra 
TLpu JLdae 
ell i ronom i d,w 
:.; LInn! i icIae 

Dog Sa lmon Creek (8/18/71)
 
'j 5 °2n ' " 'j "N, 1'3 2 0 3a ' 05 "W ; Qu ad. Cr a i g B-2
 

!.: p11(':",. ro I' Le rn 
Baetis tricaudatus Dodds----- ---'--'---
Cinygmula ~Jp. 

E2EemcTella tL~~~~lis McD. 
I'lt <.opll'ra 

!::~,ctE~ augusta Ranks
 
121Jopet:J_~ palJidu1a Banks
 
~}.}~~:_r 1,1 S P .
 

Diptpr:1 

po_liJ,_(:_d ~~~n~ s p. 

\II' (6/25/71) 
'i 7 0 i 8 ' N, n 5 040 I W; Quad. Sitk A C- 6 

pI (' i:;. Yc' p! (' r:1
 

fcavtis lJitdW1dtus Dodds
---_._-
g_~3:1JT(1ptiJilJlI1 lwob. conturbatum McD. 

I:J~eo_~~~ ,; p . 
(, ~ i) t I.' ra 

:";~Pl' rIa cxqu is ita Frison
 
!\l}oE~~ diversa Frison
 

),'j I hdyen'l'jz (8/7/71)
 
) i'\l)llN, 11[j°?9'OO"W; Quad. Sitka f~-5
 

Lphernc'r-optel.1 

6~r!Sc~'_~~~ :sparsa tus? McD. 
,[ IS hicaudatus Dodds 
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~: Lnygmu Li s p.
 
l~eorus (longimanus group) Eaton
 

l'lpC'opter:l 
Nc!!.1.9.Y.E~ cinctipes Banks 
NeIIloura frigida Clsn. 
i\lIIJ2.5~~la exquis ita Frison 
;:~.1J_~_!:.la oregonensis Frison 

11 lia s p. 

leu al River Systems (No specific survey dates) 
Sine little is known about the insect fauna of glacial rivers in 

:-ioutlwasl: Alaska, the following is a combined list from several systems. 

rneroptera
 
!)ae ti s bicaudatus Dodds (glacial stream, Haines area)
 
Cinygmula sp. (Taku River)
 
~peorus_ albertae (McD.) (Taku River)
 
Ephemerella prob. coloradensis Dodds (Taku River)
 

Pl"Loptera 
l0pnia excavata Clsn. (Mendenhall River, Juneau area) 
Carnia nana Cisn. (Herbert River, Juneau area) 
Isogenus frontalis colubrinus Hagen (Taku River) 
!~~)p~rIa forcipata Neave (Eagle River, Juneau area; Taku River) 

Trichoptera 
Limnephilidae (Mendenhall River, Juneau Area) 

;)i p te Ll 

TLpulidae (Herbert River, Mendenhall River, Juneau area; Taku River) 
eli i r',JllOITl ielae 
Heterotrissolcladius? sp. (Mendenhall River and Lake, Juneau area) 

Lll!ci Creek (Near Juneau, no specific survey date) 
58" 8'N, U4°25'W; Quad. Juneau B-2 

lH~Il1eloptera 

Amelelu~ sparsatus_ McD.
 
Eaetis bicaudatus Dodds
 
Cinygmula sp.
 

Plecoptera 
NC'TIloura_ oregonensis CIsn. 
Brachyptera occidentalis (Banks) 
Arcynopteryx prob. signata Hagen 

i'richoptera
 
Rhyacophila sp.
 
Hvdropsychidae
 

Arc topsyche. sp. 
~)i iJ t" (\ or ,:1 

r:b1 ronomidae
 
Orlhocladiinae
 

S fIlml i idae
 
ProsJ.~~~iurn ';p.
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Herliian Creek (7/14/71) 
9".·)'N, 1'3bo06"W; Quad. Skagway B-3 

EphemeropLcra 
Cinygmula sp. 
t;phemere 11a coloradensis Dodds 

Trichoptera 
Rhyacoph ila sp. 
i~.ctopsyche sp. 

! nt·(:, ra 

i)ldmesa sp. 

Hood Kay Creek (Summer 1969) 
7"?G ' N, IJ4°33'W; Quad. Sitka B-2 

!lcrnero]) Lera
 
Ameletus sparsatus? McD.
 
~aetis bicaudatus? Dodds
 
Baetis tricaudatus Dodds
 
Cinygmula (par group)
 
~orus. (Iron) (longimanus group)? Eaton
 
Rithrogena sp.
 
ParalepLophlebia sp.
 
Ephe~erella co1oradensis Dodds
 
~lemerella grandis f1avitincta McD.
 
Ephemerella tibialis McD.
 

Plecoptera 
Nemo~!_~ sp. 
T,e~tr:.-§, sp.
 
Capnia sp.
 
Isogenus ~ Need. and Cisn.
 
Allop£..rla sp.
 

:')1 ('optera
 
L i 'idae
 
Hvdroporus sp.
 

lchoptera
 
m~g£Q.J?hila sp.
 
L:L:mn~~philus spp.
 

i p le!~ 

Li pu J idae
 

Dicranota sp.
 
He~l t.oma sp.
 

'I. r:j t ujJogon idac 

i~'0J~I221IYi asp. 
'id ronomidac
 

!'" cLtotanypus sp.
 
Zavrelimyia sp.
 

~c~,:-~~_~ S p . 
['seudodiomL'sa c.J. drctica
 
BrUlia sp.
 
i~· t e r~)l~l iss II cIadiussp.
 

32
 



Or-tiloe Llliius s p.
 
Paraphacnoclaclius sp.
 
fhironomus sp.
 
MnJL'cli lum sp.
 
Mieropsectra sp.
 

S	 muliiclae
 
frosrmuliull1 sp.
 

l-{ 1-} ~:-ll on i d(! ~_' 

SallllUJI River (8/28/72) 
8")2'\O"~i, lYfo20'30"W; Quad. Juneau A-2 

"parsatus MeD.
 
I~lC'l.L~ !>jcciudatus Dodds
 
(:~nygmula s p.
 
[~~.':.'orus d Ibertae Dodds
 

1. ()(' 0 p ter,;l
 

.~}Joperla oregonensis Frison
 
,- i cho',tcra
 

RhyacophiJ a sp.
 
'] mn('phi Ii clae
 

nUlidr:
 

".'! ~ i ronom i d;_lC
 

. '7r'(\<[ i nae
 

Or!-]lcH.' 1adiinae
 

K.ooL iak and Inlet Streams (6/8/72) 
7°\0' 134°59'W; Sitka C-3, C-4 

:!;l\"n[L~r()pi~era 

L;actis bie_audatus Dodds
 
Cin\gmula sp.
 

RU1~gen.9.:. sp.
 
cmerella doddsi Need. 

PIE'< opLL'ra 
N,'mollra decepta Frison 
L.~ctra forcipa'ta? (r' Frison 
Leuctra occidentalis Banks 
<2~).f.lia excavata Clsn. 
1S:,_dhroperla perdita, Banks 
~~:10E£!~~~ L'xquisita Frison 
~[lope~l~ !cvelstoki Jewett 

:'r iclhl t"ra
 
~ryacoph:L!3~ sp.
 
L Lrwj.,'phi 1 icIae
 
p c' ~~~d
 

rOIlPmi ,lac
 
1 i dal'
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Nakina River (British Columbia (8/8/72) 
') (oN, 133 (JW 

pheme l'optera
 
J;aeti~ bicaudatus Dodds
 
Cinygmula sp.
 
);illeorus albertae (Me D.)
 
Ephcmerella proh. eoloradensis Dodds
 

Flecoptera 
AILoperla forcipata Neave 

irichoptera 
&~y~cophil~ sp.
 
Limnephil idae
 
Br ae h:1cen tr idae
 
Br~~1centrus sp. 

J, i._ \)tera 
TLouI iciae
 
Blcphariceridae
 
Deu Ie coph leb iidae
 

peuterophlebia sp.
 
,:1: Lronomidae
 

Orthocladiinae
 
Simu 1 iidae
 

Sirnul_iYl_~ sp.
 

at Creel" \hangell (8/5/71)
 
f,°70'3()"N, t32°20'20"W; Quad. Petersburg B-2
 

pb,"))c roptcra
 

~l~l-~. tricaudatus Dodds
 
ili!ctl-~ sp.
 
~:L.I2..:Yllim:~l.<l s P .
 
t~J?.::.~~J:!.:::~ S I) .
 

Cd
 

.f':':':'lH'iEI augus ta Banks
 
i 'l'Optcra
 

':ll1cph j 1 iciae
 
l P .ca
 

i nmol:lidae
 
:; : mu l dac
 

I; rhnr Creek (8/17/71) 
';"~, ]'3:)035'15"W; Quad. Craig D-2 

i 1 t t,. C;l 

A.ml'!' L.llS sparsatlls? McD.
 
i;-;;r ~T~:-Pl or hIeb ia sp.
 
D0il~lcrella grandis flavitincta McD.
 
1 : hu t- C' r a 

Ullla t;lpsyche sp.? 
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!,li T: L, p r a 
Tipulidde

ChLronomidae
 
Cricotopus sp.?
 
Tanytarsus sp.
 

f~	 a,s-ionidae
 
Atherix i-~p.
 

1·;tlChldn Crvc1< (6/22/71) 
-j"2h'OO"N, 135°23'4S"W; Quad. Sitka B-S 

[\Phl'llICl'O!' tl~ r'l 

Gaetis bicaudatus Dodds
 
'~,..L.!.!)'gn1uJa minus? Ea Lon
 
C;,J~~~ sp.
 
f~lle()rllS (IrOlJ) (longimanus group) Eaton
 

1,-, uptera
 

L.'; 0 8.':~nu s S fJ •
 
Al1opcrl3. revelstoki Jewett
 
Allop,n'la ~Alloperla) sp.
 

'L.t ra
 
! f)U I Loae
 
('h i rOl1orni dae 

1 inilv Cru-k (8/2/71)
 
6 H ')(}'lil"N, 134°09'10"W; Quad. Port Alexander D-l
 

'j	 lHf'rC)pLerd 

f'deLL'; bi,'audatus Dodds,-----
Linygmula sp.
 
!Lworus sp.
 
i,:'phemcrel1a coloradensis Dodds
 

1'1 (,(,!lptl'ra
 

i~ Llllp'.:I)a pall idula Banks
 
choptera
 

lZhyiJ(C!phila sp.
 
1's ','ch mny i i dal'
 

Pi-;ych~I1'yi3 sp.? 
) i r) Le:' r
 

ell i J'l'11omi dal
 
'1IO( ladi inae
 

.,' I.:' ('rec'k (7/23/71)
 
)'In''N, 135"31'OO"W; Quad. Sitka D-S
 

i,i	 l.C\l.lC'ropct..~rd 

HaeLis bicaudatus Dodds-_..•_-- ,---~.
 

i,aetis criLaudatus Dodds
 
i .c,ntoph 1ebiidae
 

L-,ly~~_L_':l. s p • 
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PIc' 'optera 
Nemoura cinctipes Banks 
Nemoura decepta Frison 
Alloperla revelstoki Jewett 

'ri ,'hoptera 
LLl'lncphilidae 

'ilpl'.era 

'!~!J?~:-'~Ja~
 
lLL::2~?-11 0 t asp.
 
Il ronomi dae
 
lIe t erotrissoc lad ius ? sp.
 

l'Jl Creek (near Juneau, no specific survey date) 
t f,' 1'i"N, 1Yi "19' lS"W; Quad. Juneau B-2 

phl>lilC cop ll' r a 

luneletus probe sparsatus McD.
 
Baetis bicaudatus Dodds
 
Cinygmula_ sp.
 
Rithrogena c.f. hageni
 
Epheillcrella doddsi Need.
 

Iecoptera
 
~~ oregonensis Claassen
 
Leuctra occidentalis Banks
.._-_._._~ 

Ka t:hroperla perdita Banks
 
~l.lc).p~2~la pallidula Banks
 
Ar:cJ:.~lOpteryx sp.
 

Trichoptera 
Rhyacopliila sp. 
,-' mnepl,jlidae 

~,~~b 0 2:'. i~,:' s p •
 
i iJ lera
 
T pu 1 iclae
 

Uie ranota sp.
 
Ceratopogonidae
 

Polpomyia sp.?
 

Cliironomidae
 
UnllOc1adiinae 3 spp.
 

olin I)ay (7/28/71) 
oP'OO"N, 13:~oS7'30"W; Quad. Petersburg B-3 

i'l 'meroptl'ra 

.. tetis hicaudatus Dodds
 
Cinygmula sp.
 
i:.21~erella (Drunella) sp.
 

i'1,'(optera
 
T;-'~i~ ITa m.l5;us.ta Banks
 
\llg~'rla pi] 11 idula Banks
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iii [)tera 
Chironomidae 

~ojJ:'l)edil1Jm Sp. 
S,l1tuliidae 

Simulium 

~er Creek (No specific survey date)
 
'l'!+S"N, 134"30'lO"W; Quad. Juneau B-2
 

r ~ ll~rnc c cp t era 
__.,c_, . hicaudatus Dodds
 
~.LI!Y gun.:) a. s p •
 
i~l)l~dE dod.ds i. Needham
 
:~J)1.2..~1!!.~.Ei:015!. coloradensis Need.
 

t'l,·,-,)ptera 

Nl~m)l~t~. cinctipes Banks 
!\.t'·E1~c oregonens is C1 sn. 
i.:.~']Jnia confusa Clsn
 
. :.Ci.£1:l_i.:~me 1 ia Frison
 
.!:::l.<::hyptera occidentalis (Banks)
 

f r i (lllll't era 

J'llyac"rhi12. sp.
 
Limnephilidae
 

I)j ptera 

Tipulidae
 
Die ranota. sp.
 

(:1	 ironomiclae
 
Diamesa sp.
 
Or!hucladiinae
 

iilli1,l1lied ;:;tream, Mile 28, Petersburg Road System (7/27/71) 
r:;6'\S I , 132°34'W; Quad. Petersburg C-2 

pl1('me roptera
 
:)aetis bicaudatus Dodds
 
,: i.nygmu 1a s p.
 
~peorus a1bertae Eaton
 
!':plorus (Iron) (longimanus group) Eaton
 
f~~ieI~rella coloradensis Dodds
 

p] "cupt,"ra
 
~d lop,.'I 1a Ea llidu1a Banks
 

Dil)lera
 
['inulida(
 

(Lei(, Wlla1c Pass (7/29/71) 
:H:\ '0' L<3 c IO'VJ; Quad. Petersburg A-4 

;)lll'me roptera
 

iJ.5wli~ sp.
 
i.J.. n:tgJ[lU1~ sp.
 
l~LCmercl1a co1oradensis Dodds 
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f':.P.hemerella doddsi Need. 
Djl~coptera 

.~emoura 51'. 
:~.J~erla_ sp. 

c!: hODtera 

R.hyac:ophila sp.
 
r,imnephiIus sp.
 

:ip Cera
 
Chironomidae
 

:.!TIlll i idae
 

~erock River (7/5/72) 
7°\2'~'1", 13ij-°SO'SS"W; Quad. Sitka C-3 

"I,lorop era 
1.),3 eLi.:::. :3 p
 

Ll]1Yi;ilIula S1'.
 
E.2.t::Qrw~ S1'.
 

"1 ( u1'tcra
 
{ap!ll~ excavata CIsn.
 
i\llo~~ exquisita Frison
 
Allopl'rla oregonensis Frison
 

1'rj clJOptcra
 
J{hyacophila sp.
 

lj p tera
 
(Il.l rU(lomidae
 

Tanypodinae
 
Orthocladiinae
 

\']hj lewa ter Bay Creek (6/29/71) 
i7°15'N, !3!j-°37'W; Quad. Sitka A-2 

phcmcl"optera 
Hal' tis bicaudatus Dodds 
~\;ir~nru1asp • 
Epeorus (Iron) (longimanus group) Eaton 
EQileml'Il'lla grandis flavitincta Need. 

ic'c(Jptera 
f.:.~QIlJi'- sp.
 
Alloperl~ ~xguisita Frison
 

['r5 choptera
 
fJ:lyacyphila 51'.
 

iHptera
 
ipulidac
 
Dicranota sp.
 
fA topogon idal'
 

~~~sp. 
'. 'hi ronomidae
 

Onh(~cladius sp.
 
He (era trissoc laduis sp.
 
~olypedilum sp.
 
H~.'::.E.(:1jJ_~e c t r asp • 
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'vJU son Cn'ek, Petersburg Road System (7/27/71) 
56 C j4"N, 132°39'W; Quad. Petersburg C-2 

Ephemeroptera 
hac L is b icauda tus Dodds 
Cinygmu1a sp. 
E:peorus (Iron) (longimanus group) Eaton 

Diptl't3 
Rhagionidae 

Atherix sp. 

Young Bay Creek, Admiralty Cove (11/2/72) 
58°10'N, 134°40'W; Quad. Juneau A-2 

Lpi emeroptera 
Ameletyy prob. sparsatus McD. 
Baetis. b icaudatus Dodds 
Cinygmula sp. 
Epeorus (Iron) longimanus Eaton 
Epeorus (Ironopsis) grandis McD. 
Rithrogena robusta? Dodds 
EQhemerella doddei Need. 

Plecoptera. 
Nemoura sp, 
Capnla sp. 
Isogenus sp. 
Alloperla spp. 

Coleoptera 
Amphzoidae 

Amphizoa sp. 
Trichoptera 

Rhyacophila 2spp. 
Psychomyiidae? 
Hydropsychidae 

Arctopsyche sp. 
Limnephilidae
 

Oicosmeocus? sp.
 
Pycnopsyche? sp.
 

Diptera 
Chironomidae 

Orthocladius sp. 
Simu1 iidae 

Prosimulium sp. 
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Thf following list compiles information on aquatic insect populations gathered 
from observations and collections from 29 stream systems in southeast Alaska. (Table 4) . 

...... "l}:~, all determinations, with the exception of thEl Plecoptera,have been made
 
from the unmature forms and are regarded as tentative until more information
 
~;'an be coHeeh"d .
 

DehH'nnrwhonuf specirnens belonging' to the orders Trichoptera and Diptera re
quL'es a degree of expertise and training, which at this time is beyond the scope 

t1ls project the purposes of general collecting. Consequently, determinations 
have been made to the family level for many specimens in these groups. 

'\ q uestwn r!larl" following the name of an insect denotes doubtful placement. 

,!.If figur~~s Hsted for each taxon is not intended to portray a group's abundance
 
distrihution in southeast Alaska but merely notes the number of streams the
 

lncLviduals fr"e been collected in,
 

!1 was found that the number of samples conducted in a watershed determine to
 
J large extent the completeness of each faunal list. Apparently a small number
 

samples yield only limited qualitative information, while large numbers of
 
samples (Hood Bay Creek; 83 samples) yields more detailed information of the
 
benthos Many of the species collected at Hood Bay were represented by only
 
a few specimens, such as: Para~eptophlebiasp. , !~phemerella tibialis Mcd. ,
 
_.~ogenu8 n5?nw~ Need & Clssn. , Zavrelimyia sp. , and Prosimulium sp. These 
spe\~ies would not have been collected had it not been for the large number of 
3amples. tak('n O\rer a wide range of aquatic habitats. 

hE investigator will find it much easier to identify stomach contents of fish if 
ne Hrst becomes familiar with specimens collected Jrrom the benthos, as these 
spedmenH are usually in better condition. The investigator need not take 
exc'~ssiv\; ::J1Hnbt!l' of samples from the benthos in olrder to draw correlations 
be!lveen the benthos and stomach samples. It was found that fish tend to feed 
on the commonly represented species and rarer forms are seldom found in the 
stomach samples (Elliott and Armstrong, 19"12). Thus a small number of samples 
wUJ usuully yield enough information to establish the identity of the common forms. 

\naly',E of :nscct surveys appears to show a general faunal pattern in S.E. Alaska 
strf'ams. There are several species and genera which were common to almost 
till lhp streams surveyed. The collector can usually anticipate finding these 

orgarnslTl': in any stream that is sampled. A preliminary list of these organisms 
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TabL I.. Provisional List of Aquatic Insects in Southeast Alaska. 

No. of Streams Known to Occur 
in (29 streams sampled) 

()rde' EPHEMEROPTERA 
:'anj I y S IPHLONURIDAE 

( 'Tnls Ameletus 
sparsatus McDunnough 1931 8 

i ami lv I)Ar~TlDAE 

Genus l)8etis 
bicaudatus Dodds 1923 20 
tricaudatus Dodds 1923 4 

:;enus Centropti 1ium 
conturbatum? McDunnough 1929 1 

Fdlnily HEPTAGENIIDAE 
GemlS Cinygmu1a 

minus? (Eaton 1885) 1 
Clnygrnll1a sp. 24 

;-;L'I1US Epeorus 
Subgenus Iron 

a1bertae (McDunnough 1924) 4 
longimanus (Eaton 1885) 7 

Subgenus Ironopsis 
grandis (McDunnough 1924) 1 

Epl~orus sp. 5 
Genus Rithrogena 

hageni? Eaton 1885 1 
robusta Dodds 1923 1 
Rithrogena sp. 2 

lamil\' LEPTOPHLEBIIDAE 
Genus Para1eptoph1ebia sp. 2 

Fall! L1y EPHEMERELLIDAE 
Genus Ephemere11a 

Subgenus Drum~11a 
coloradensis Dodds 1923 8 
doddsi Needham 1927 8 
grandis f1avitincta McDllnnough 3 

Subgenus Serrate11a 
tibialis McDunnough 1924 2 

Or i'J:COPTERA 

i:dll1i 1V NENOURIDAE 
';11 b ! am i 1Y NEMOlJRINAE 

(;enus Nemoura 
Subgenus Podmosta 

decepta Frison 1942 2 
Subgenus Visoka 

cataractal' Neave 1933 1 
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No. of Streams Known to Occur 
in (29 streams sampled) 

Subgenus Zapacla 
cinctipes Banks 1897 
frigida Claassen 1923 
haysi Ricker 1952 
oregonensis Claassen 1923 

:-'uhfamily LEUCTRINAE 
Genus Leuctra 

Subgenus Despaxia 

4
1
1 

augusta Banks 1907 6 
Subgenus Paraleuctra 

forcipata Frison 1937 3 
occidenta1is Banks 1907 
sara Claassen 1937 

2 
1
 

Subfamily CAPNIIDAE 
Gc'nus Capnia 

confusa Claassen 1924 1 
excavata Claassen 1924 5 
Melia Frison 1942 2 
nana Claassen 1924 3 
projecta Frison 1937 

:lub family TAENIOPTERYGINAE 
Genus Brachyptera 

Subgenus Doddsia 
occidenta1is (Banks) 1900 

Family PERLODIDAE 
Genus Arcynopteryx 

Subgenus Megarcys 

1

2 

signata (Hagen) 1874 2 
CentIS Isogenus 

Subgenus Isogenoides 
frontalis co1ubrinus Hagen 1874 1 

Subgenus Kogatus 
mnus (Needham and Claassen) 1925 1 

Family CHLOROPERLIDAE 
Subfamily PARAPERLINAE 

Genus Kathroperla 
perdita Banks 1920 

Sub family CHLOROPERLINAE 
Genus Alloperla 

Subgenus Neaviperla 

4
 

forcipata Neave 1929 3 
Subgenus Suwa11ia 

pallidula (Banks) 1904 6 
Subgenus Sweltza 

coloradensis? (Banks) 1898 
exquisita Frison 1935 

1 

oregonensis Frison 1935 6 
revelstoki Jewett 1955 
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No. of Streams Known to Occur 
in (29 streams sampled) 

Subgenus Triznaka 
diversa Frison 1935 2 

Orcie r COLEOPTERA 
Note- very few coleoptera have been found during 

surveys of creeks and rivers in southeast 
Alaska. Most of them are confined to 
lentic environments, 
moving rivers. 

sloughs, and slow 

Urder TRICHOPTERA 
Family RHYACOPHILIDAE 

Genus Rhyacophila 
Farni ly PSYCHOMYIIDAE 

Genus Psychomyia 
Fami 1y HYDROPSYCHIDAE 

Genus Arctopsyche 
Cheumatopsyche? 

Family LIMNEPHILIDAE 
Genus Dicosmoecus 

Limnephilus 
Caborius? 

13 

2 

2 
1 
8 
2 
1 
1 

Pycnopsyche? 
Pami ly BRACHYCFNTRIDAE 

Genus Brachycentrus 

Orde [ DIPTERP" 

1

1 

Fami Iy TlPULIDAE 9 
Genus Dicranota 5 

Hexatoma 1 
,.' ami 1y BLEPHARICERIDAE 1 

DEUTEROPHLEBIIDAE 
Genus Deuterophlebia 

Family CERATOPOGONIDAE 
1 

Genus Palpomyia 3 
amily CHIRONOMIDAE 4 

Subfamily TANYPODINAE 2 
Genus Psectrotanypus 1 

Zavrelimyia 
Subfami ly DIAMESINAE 

Genus Diamesa 
Pseudodiamesa 

c.f. arctica 

1

4

1 
Subfamily ORTHOCLADIINAE 7 

Genus Brillia 
Heterotrissocladius 

1
4 

Orthocladius 3 
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No. of Streams Known to Occur 
in (29 streams sampled) 

Genus Cricotopus 1
 
Paraphaenocladius 1
 

:~ubfamily CHIRONOMINAE
 
Genus Chironomus 1
 

Polypedilum 4
 
Micropsectra
 
Tanytarsus
 

Family SIMULILDAE
 
Genus Simulium 2
 

Prosimulium 3
 
Family RHAGIONIDAE
 

Genus Atherix 3
 

2
1
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has been drawn up (Table 5) . 

Table ,., A List of the Most Connnonly Occurring Aquatic Insects in 
Southeast Alaska. 
[non-glacial streams] 

EPHEMEROPTERA 
S IPHLONURIDAE 

Ante Ie tus sparsa tus Med. 
~AETIDAE 

Baetis bicaudatus Dodds 
HEPTAGENIIDAE 

Cinygmula sp. 
Epeorus sp. 
Rithrogena sp. 

EPHEMERELLIDAE 
Ephemerella coloradensis Dodds 
Ephemerella doddsi Needham 1927 

PLECOPTERA 
NEMOURIDAE 

Nemoura sp. 
Leuctra sp. 
Capnia sp. 

CHLOROPERLIDAE 
Al10perla sp. 

TRICHOPTERA 
RHYACOPHILlDAE 

Rhyacophila sp. 
LIMNEPHlLIDAE 

iHPTERA 
TIPULIDAE 
CHIRONOMIDAE 
';IMULIIDAE 
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in most streams, there are several dominant species or genera in each order. 
In Ole order Ephemeroptera, BaeUs bicaudatus-Cinygmula sp. , associations are 

the most earnman . Often, Baetis bicaudatus-Epeorus sp. Rithrogena sp. can 
be found 

I'he most common of the Plecoptera are the Nemouridae and Chloroperlidae 
(Alloperla sp.) groups. These associations can be found in almost all streams. 

rhe most common member of the order Trichoptera is the family Limnephilidae. 
Usually two or more species can be found in a stream. The genus Rhyacophila 
(Rhyacophilidae) is also present in most streams. The family Chironimidae 
(Diptera) appears to be represented in all streams (though often not recorded) . 
Observations and collections indicate that this family not only dominates the order 
but may be the most abundant in terms of both spec:ies and biomass in S.E. Alaskan 
strpams. 

/\I\fNC)']'A'TED BIBLIOGRAPHY 

I III follow illg annotated bibliography represents the background information 
on '.he c("o)og-y und behHvior of reuring fish. It should b(~ considered preliminury 
~IS only II P(,I'!ion of the available literature is presented. 

!'tn' the purposes of this paper, the rearing portion of the life history was defined 
liS 1hat portion between emergence and smoltification in the anadromous forms and 
fl'om emergence to sexual maturity in nonanadromous forms. The bibliography 
presents only those papers dealing with stream and river habitat and does not 
ineJude references to lake environments. 

46
 



Allee, Brian J. 
1971. A study of the behavioral interactions between juvenile coho 

salmon and steelhead trout. Research in Fisheries, Fisheries 
Research Institute, Univ Wash., Contrib. No. 340. p. 36.o 

"The data so far indicate that there are definite carrying capacities 
for any given habitat type. These are based on the space available and 
the food produced. Other variables such as velocity, depth, and cover 
tend to modify the carrying capacity as well. Preliminary data suggest 
chat juvenile coho are more aggressive than steelhead in both pool and 
riffle habitat types. However, more juvenile coho are found in pools and 
mOrE steelhead occur in riffles. 

Similar experiments, testing the ability of hatchery-reared fish of
 
both species against their wild counterparts, show that hatchery fish are
 
found in a pool and riffle habitat at densities above that which the wild
 
fish attain and thus, perhaps, above that which the available food can
 
support. This may be considered as a disadvantage for hatchery fish and
 
may, with further work, help to explain the low survival rate of planted
 
fry and fingerlings in the wild environment.
 

These studies in natural and experimental streams may help to 
evaluate production estimates and determine if it would be advantageous 
to manage individual streams with certain characteristics for a particular 
species of fish." 

AlL"l1, K. Radway. 
191+1. Studies on the biology of the early stages of the salmon (Salmo 

salar) 2. Feeding habits. J. Anim. Ecol. 10(1):47-76. 

"1. A study was made of the relation between the food of young salmon 
and the fauna, carried out between June 1935 and October 1938 on the river 
Eden and on some tributaries of the Thurso River. 

2. The factors determining the composition of the food eaten by fish 
are considered theoretically, and it is shown that both the nature of the 
potential food animals and the behaviour of the fish have an effect. 

3. The nature of a potential food ani.mal affects is availability to 
the fish, and a method of measuring this is developed. Application of this 
method to all the principal types of animals in the fauna shows that the 
animals may be divided into four categories according to their availabili 

i'e The availability of an animal depends primarily upon its habits, 
being affected by its activity and by the degree of exposure of the habitat 
it usually occupies. The size of an animal and the presence or absence of 
a hard outer covering also appear to influence the extent to which it is 
available to fish of different sizes. 
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:) < The behaviour of a fish determines the extent to which it selects 
s food. Thc' degree of selection exercised by a fish increases as the 

number of animals in its stomach increases. At least 80/ of fish wi th more0 

iun ten animals in their stomachs appear to be exercising selection. 

o. Application of an arbitrary test showed that selection was confined 
a few of the most numerous food animals. In the first-year fish, nearly 

:d. t the selected animals belonged to the two most numerous groups, and in 
ttl" second-year fish to the five most numerous groups. A few groups of 
mima1s ",-'ere found to be very rarely selected, although fairly abundant in 
tll\; available fauna. 

i. The composition of the food of a population of fish is similar to 
tlw composition of the fauna available to it, except that selection tends 
to cause the animals most abundant in the available fauna to be eaten to a 
~elatively greater extent. 

8 0 The measurement of the availabilities of the different animals in 
Lilt' fauna by the methods used in this paper can be applied to the evalua
tion 01 faunas as food supplies for young salmon. 

eJ. Examination of the quantity of food taken on the surface showed 
that more surface food is taken by second-year fish than by first-year fish, 
that more surface food is taken in the Thurso system than in the Eden system, 
and that surface feeding takes place to a much greater extent in the months 
i\tL',US t to October than at other times .11 

Alt(~n, K. Radway. 
L9+1. Studies on the biology of the early stages of the salmon (Salmo 

;:;aIar) 3. Growth in the Thurso River system, Caithness. J. Anim. 
Ecol. 10(2):273-295. 

"1" i\ study of the growth of young salmon in three tributaries of the 
Thursa River, Caithness, was carried out between August 1937 and October 
! 938. Thes,-' results are compared with those from a similar study of the 
young salmon of the river Eden, in Cumberland and Westmorland • 

._. The seasonal variations in the gro,~th-rate and related phenomena 
in tilL' Thurso sys tem correspond extremely closely with those from the Eden. 

(a) Growth takes place during only a part of the year; the growth 
'riod, April to September, is slightly shorter in the Thurso system 
ildn in the Eden. 

(b) Growth i.s slower in the later part of the summer than in the 
early part. 

(c) The amount of food found in the stomachs of the salmon is at a 
maximum	 during the early part of the rapid growth period in both first 
md second years, and then falls steadily to a low value at which it 
rema i ns during the winter Q 
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(d) The seasonal changes in the condition factor of the fish may 
be correlated with changes in the rate of growth. When condition is 
good the rate of growth is high and when condition is poor the rate of 
growth declines or remains low. 

3. Further evidence is produced in support of the hypothesis that the 
temperature 7 0 C. is critical in determining the activity and hence the 
feeding and growth of young salmon. 

The mean rate of growth in the second year for the period June to 
i,"Ugust is calculated for the three Thurso tributaries and for the Eden, and 
from this a theoretical date of commencement of growth is obtained~ This 
date is considerably later in all the Thurso tributaries than in the Eden, 
and the difference is similar in extent to the difference between the average 
daL0S of the rise of temperature to 7 0 c. in the two systems. 

'). Division of the total annual increment by the June to August growth 
rate indicates that the total length of the growth period in both first and 

cone! years is less in the Thurso system than in the Eden. 

6. The order of the streams studied is the same in respect to the rate 
I growth during the slow growth period, August to October, as to the rate 

of growth from June to Augusto The ratio between the rates of growth during 
Lilese two periods shows that it is similar in the different waters in the 
first year but varies widely in the second year. In both years the rate of 

rowth Juring the slow growth period is relatively higher in the Eden than 
in the Thurso tributaries. 

7. While either the maximum summer temperatures or seasonal variations 
i.n	 the fauna may in some cases affect the extent of the decrease in the rate 

f growth in late summer neither is the primary cause. 

8. The order of the streams is the same in regard to the relation be
l'..JeC'n the food supply and the fish populations as in regard to the rate of 
growth during the rapid growth period. 

G . The amount of growth in one year depends on:~ 

(al The amount of food available, which affects the rate of growth 
d11J~ing the rapid growth period. 

(h) The date of the rise of temperature to 7 0 C. which determines 
the date of commencement of rapid growth~ 

(c) The unknown factors which determine the length of, and the 
ratE of growth during, the slow growth period. 

10. Comparison between the second year increment and the date of the 
r c,(' of temperature to 7 0 Co, throughout the natural range of the salmon, 
;hmvs that while this factor may affect the annual increment within restricted 
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areas, some other factor is of greater significance in determining its 
magnitude in different parts of the range." 

Annstrong, Robert H. 
1963. Investigations of Anadromous Dolly Varden populations in 

Lake Eva-Hanus Bay drainages, Southeastern Alaska. Alaska 
Department of Fish and Game. Federal Aid in Fish Restoration, 
Annual Report of Progress, 1962-1963, Project F-5-R-4, 4(3-B): 
78-122. 

"Studies also conducted to gather information on food and feeding 
habits, age and growth, sex ratio, spawning requirements, fecundity and 
freshwater rearing requirements." Information on age and length frequency 
is included. 

Armstrong, Robert H. 
1967. Investigations of anadromous Dolly Varden populations in the 

Hood Bay drainages, Southeastern Alaska. Alaska Department of 
Fish and Game. Federal Aid in Fish Restoration, Annual Report 
of Progress, 1966-1967, Project F-5-R-8, 8(2-B):33-56. 

"Stomach analysis of inmigrant char indicated that salmon eggs were 
the most frequently eaten food while the char were in Hood Bay Creek. 
Insects of the orders Plecoptera and Diptera were the most frequently 
found food item in rearing char." 

Armstrong, Robert H. 
1970 0 Investigations of anadromous Dolly Varden populations in 

Hood Bay drainages, southeast Alaska. Alaska Department of 
Fish and Game. Federal Aid in Fish Restoration, Annual Report 
of Progress, 1969-1970, Project F-9-2, 11(2-B) :37-46. 

"This report presents the results of the fifth year of study at Hood 
Bay and the eighth year of investigation on the life history of Dolly 
Varden, Salve linus malma. Emphasis of study included a smolt transplant 
experlment from the North Arm streams to Hood Bay Creek, homing and 
straying of Dolly Varden at maturity, and habitat preferences and intra

tn'am movements of rearing Dolly Varden and coho salmon, Oncorhynchus 
kisutch, at Hood Bay Creek. 

population estimates of 52,737 Dolly Varden and 24,029 coho salmon 
were calculated for these species rearing in Hood Bay Creek. A similar 
rearing environment with a preference for sheltered pools, sloughs, and 
undercut banks was indicated for both rearing Dolly Varden and coho salmon. 
Dolly Varden were found to select most of their food from the stream 
batt an; coho salmon se lee ted mos t of their food from the water surface. II 

Acmstrong, R. H. and Paul D. Kissner. 
1969. Investigations of anadromous Dolly Varden populations in 

Hood Bay drainages, Southeastern Alaska. Alaska Department of 
Fish and Game. Federal Aid in Fish Restoration, Annual Report 
of Progress, 1968-1969, Project F-9-l, 10(2-B):45-92. 
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"Food studies of the rearing fish in Hood Bay Creek indicated that 
competition for food was occurring between Dolly Varden, coho and cottids. 
t:ompeti.tion for space between Dolly Varden and coho was also indicated. 

was estimated that rearing Dolly Varden, coho and cottids consumed
 
tween 11 and 20 percent of the pink and chum salmon fry outmigrating
 

:-;outh Arm Stream in 1968."
 

"\Tmstrong, Robert H. and W. M. Morton. 
1969 Revised annotated bibliography on the Dolly Varden char. 

Alaska Department of Fish and Game. Research Rept. No. 7:108 pp. 

"This rvvised bibliography contains 507 published and unpublished 
n,ierenc'('s on the Dolly Varden, Salvclinus ~nalma (Walbaum)." 

nnstToug, R. n. and R. D. Reed 
1971. Dolly Varden Sport Fishery - Juneau Area. Alaska Department 

of Fish and Game. Federal Aid in Fish Restoration, Annual 
Report of Progress, 1970-1971, Project F-9-3, l2(R-IV):26 pp. 

"ih is report presents the results of the sixth year of study at Hood 
,1Y :mn the ninth ypar of investigation on the life history of Dolly 

Varde,:, Sall/elinus malma. Emphasis of study included behavior observa
tions of Dolly Varden and coho salmon, Oncorhynchus kisutch, fry and 

fling; evaluation of the Dolly Varden smolt transplant conducted in 
1069; an experiment to determine the role of sight and olfaction in homing 
!lolly Varden, and float tracking of mature Dolly Varden. 

During observations in the natural environment and in an aquarium,
 
uhr [r v frequently attacked Dolly Varden fry; no incidence of Dolly
 
araen fry aggression toward coho fry was recorded. As fingerling, Dolly
 
,H"CI' tlacked coho on several occasions, with only one record of a coho
 

ill-! "king ii Dolly Varden obtained. 

(:(>h fry and fingerling sampled food more often at the surface than
 
liu11 'J rden Cry and Fingerling, which sampled food mostly at the stream
 
,ol tom. (,h,' r ingerling obtained food introduced into the aquarium more
 
Let 1"' than Dolly Varden fingerling. 

Scomach content of Dolly Varden and coho fingerling sampled in Hood 
creek indicate coho fed more frequently on surface insects than did 
Do 11 ;] r de n . " 

K. 

] 971. Population dynamics of the coho salmon and its response to 
logging in three coastal streams. (Taken from summary of Ph.D 
Thesis) Oregon State University. 

Illiioedia te ly upon emergence, coho fry begin dispersal downstream mov
un to 300 meters each night. This nocturnal movement continues until 

.'ach is :;ettled and take up residence. During the day the fry maintain 
nos tion cmd feod in the Cllrrent, Experiments and observations suggest that 
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lurna) migratory behavior is part of a developmental sequence beginning 
with the initial hydrostatic disequilibrium of the fry and ending in resting 

'ldvior at niglit. Until this stage is reached, the nocturnaly active fry 
ar, subject to displacement downstream. The transition to quiescent 

Lurnal behavior is gradual, taking up to a week for some individuals 
a d rnay ii, dc~Lcrmined by the initial condition of the fry, degree of com-
I' t tlcn, and food availability during the day. Intraspecific competition 

rum pI;:,) res [dent fry delays the aquisition of nocturnal resting behavior 
d,ll acts [() augment dispersal. 

i l'ibuLion cviciently functions to move fish away from the redd sites 
t,) nursery areas of the stream Evidence suggests that fry migration iso 

n	 Ii, j ','nt as a mechanism of population regulation but does reduce stresses 
,) :'popu la t ion. 

Collu territorial and agonistic behavior, while important in dispersal 
'\ntinul'~ into the fall until populations are adusted to stable levels.
 

i!lesc adjustments occur through mortality, not migration. Calculations
 
d late that 80% of each years recruitment die by September and that
 

"lortality rates ace density dependent and thus regulatory in nature. 
["1r5toria1 and agonistic behavior are thought to be most important in 
this respect. Population levels change very little after September, thus 

rodueing the near constant smolt output each year. The ability of coho 
pulations to deal with variable fry input each year apparently also 

extends to the detrimental effects of logging. 

Crowth among coho populations occurs in the summer and spring just 
r jOl< to immigration as smalts. The average coho grows 45 mm from June to 

xL April. A decrease in mean size in one area was associated with high 
trcam temperatures in the unshaded stream and changes in population 
t nl" Lure a.lso occurred. 

biomass decreases with the populations in spring and early summer and 
[ilT(2dseS after population stability has been achieved. It is often tem


porarily sustained the next spring by a balance between smolt outmigration
 
'11Hi increased growth rate.
 

i,e'u( 90/', of til(' yearling coho immigrate as smolt, and the smolt 
icLd is independent of initial year class strength in June, a consequence 

population regulation via mortality. 

K'	 r IJ" Co 
1969, Food and feeding of juvenile chinook salmon in the Columbia 

River at Hanford. Biological Effects of Thennal Discharges, 
Ann. Prog. Rept., Battelle Northwest, Richland, Wash. (Taken 
from Sinha 1971) 0 

"s l:omach contents of 445 young chinook salmon taken near Hanford were 
c'xaminC'd" They fed priman.ly upon aquatic insects, mainly chironomids, 
me! secondarily on terrestrial insects. No evidence was found to suggest 

! hIt h"atec! effluents discharged in midwater plumes and which rapidly mix 
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'<v.i ell the colder river water adversely affects either insect production or 
f2edlng activity of fish. Food intake was restricted in a few shoreline 
d rca" nCl2i ving wann water via intragravel seepage. Thennal discharge to 

he dver, when waters are below preferred levels during spring runoff, 
"ld\lctual1y benefit the fish." 

ornn, '1'" c. 
19i: Trout and salmon movements in t,,,o Idaho streams as related to 

Lemperature, food, stream flow, cover, and population density. 
Trans. ArneI'. Fish. Soc. 100(3):423-438. 

'Hany juvenih' salmon and trout migrated from the Lemhi River drainage 
ach fall-winter-spring period. Seaward migration of anadromous trout and 
i1lmon normally occurred in the spring but pre-smolt anadromous and non

madromous fishes also left the stream usually beginning in the fall. I 
':'omparcd data on temperature, food abundcmce, stream flow, cover and popu
L1tion density with movements and conducted field and laboratory tests to 
dC'(l'nnine reasons for the two types of movements. 

Smolts of the anadromous species migrated for an obvious reason but 
none of the factors I examined appeared to "stimulate or release" their 
seaward migration. Movement frequently coincided with changes in water 
temperature and stream flow, but I could not establish a consistent casual 
re tationship and concluded that photoperiod and perhaps gro\Ojth must initiate 
the physiological and behavioral changes associated with seaward migration. 

Non-anadromous and pre-smolt anadromous species emigrated from the 
streams for different reasons than the smolts. I postulated that fish 
tound the stream environment unsuitable during the winter. Stream temper
"tllt'e declined in the fall as fish hegan moving from the streams but I 
could not induce more fish to stay in test troughs with 12°C water versus 
troughs with O-lO°c water. Fish emigrated before abundance of drift 
Ins ts declined in winter. Emigration occurred in spite of the rela
-[\/('ly stable flows in both streams. Population density modified the basic 

migratvJl1 pattern by regulating the number and percentage of fish that 
'Ed gra!:l';\ and to <3 limi ted extent time of emigration. 

Movements of non-smolt trout and salmon correlated best with the amount 
f cover provided by large rubble substrate. Subyearl ing trout emigrated 
rOLL Big Springs Creek which contained no rubble substrate but remained in 

Lhe Lemhi River which did. In both field and laboratory tests more fish 
remained in troughs or stream sections with large rubble substrate than in 
troughs or sections with gravel substrate. Trout and salmon in many Idaho 

r I~cam:; "nter the substrate when stream temperatures declined to 4-6°C.
 
suitable substrate providing adequate interstice~ appears necessary or
 

;i)(' fi:;h leave "
 o 

ackert, Roger F. 
1968. Spawning behavior, fecundity, and early life history of 

anadromous Dolly Varden, Salve linus malma (Walbaum) in South
eastern Alaska o Alaska Dept. Fish and Game Res. Rept. No.6: 
r;.:) PP II 
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tlThL' early life history of Dolly Varden was studied at Hood Bay
 
leek in 1965 and 1966. Winter Survival of eggs to yolk sac fry was
 
stimated to be about 41 percent from hydraulic sampling of the spawning
 

Ie in the spring of 1966. The rearing habits and requirements, indicated 
uni£OllT! sampling methods, involve seasonal trends of intra-stream mave

n I. hah} lat preferences, and differential size group preferences. Age
 
compo:; i (i ('11 and growth rate of the rearing fish appeared quite similar to
 
[:hat of young fish in the Lake Eva system."
 

,~ ,'-' u t"ia j' v j n F. 
Ie Relationship between trout populations and cover on a small stream. 

]. IN i1 d10 Mgmt • 18 (2 ) : 229 - 239 • 

!fA total of 155 sq. ft. of brush cover was applied to four sections. The
 
"rease in total pounds of fish following this application averaged L60 per
 

invL'ntory. The populations in three control sections increased 0.23 pounds per
 
l.nv(~ntorvc 

h atal of 128 sq. ft. of natural brush cover was removed from two sections. 
rile ,tecrease in total pounds of fish per inventory following removal was 1. 71

antral section increased in total pounds by an average of 0.18 per inventory. 

Fifteen square feet of undercut bank was removed from two sections. The 
dc'creClse in total pounds per inventory following this removal was 0.25. The 
,ontrol section increased in total pounds an average of 0.25 per inventory." 

I;' r" t: t, ,I. R. 

19')7. Salmon research and hydroelectric power development. BulL Fish. 
Res Q Bd. Canada No. 114:26 pp. 

"Tt \vas found that sockeye and coho downstream migrants orient themselves
 
,ght, in the presence of light and absence of turbulence. The differ

nc in response to a currant of water in darkness and in light may be
 
;;imply the absen,e of visual cues in the dark, rather than any diurnal
 

hangc·Ln behavioro The white water below a falls or spill must be equiva
'll to pactia] blinding."
 

l)llrn_'~;, ~Ja'mt~)S W' (j 

1971 c The carrying capacity for juvenile salmonids in some northern 
California streams o Calif. Fish and Game, 57(1) :44-57. 

"Standing crops of juvenile coho (silver) salmon (Oncorhynchus kisutch), 
c>!hl'ad rainbow trout (Salmo gairdneri), and coast cutthroat trout (Salmo 

'.:-'::.:lrk2:.,1 re exan ined in seven coastal streams to define the natural carry
.Ul <:apacity of these streams, and to develop methods of population compari

:ml: pn,diction which could be used to detennine the effects of road con
tnll ion and Jogging on salmon and trout production. 

biomass per unit of surface area was the best method of expressing 
il'rying capacity, because hiomass was better correlated with stream surface 

Jrca than vIith other parameters tested. Volume of streambed sediments, total 
8S0Lv('([ solids, alkalinity, and total phosphate in six streams were not 
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satisfactory predictors of carrying capacity. Only living-space variables 
orrelated significantly with biomass. Not all streams reached carrying 

capacity in the summer and salmonid biomass was highly variable. Even with 
veal'S of prelogging study, it would be difficult to attribute a change in 
rrying capacity under 50/ to anything but natural variation."0 

burn';, James W. 
1972 0 Some effects of logging and associated road construction on 

Iwrt:hern California streams. Trans. Amer. Fish. Soc. 101(1):1-170 

"]h, eifcrLs of logging and associated road construction on four
 
.alifornia trout and salmon streams were investigated from 1966 through
 
96l;'. l'his study included measurements of streambed sedimentation, water
 

jua J i ty, fish food abundance, and stream nursery capacity. Logging was
 
(lund [0 be compatible with anadromous fish production when adequate
 
ltcntion was given to stream protection and channel clearance. The carry

ng ~apacities for juvenile salmonids of some stream sections were in

"",d when high temperatures, low dissolved oxygen concentrations, and
 
elH ,~sc'dimentation did not accompany the logging. Extensive use of
 

ldoz,rs on steep slopes for road building and in stream channels during
 
debris removal caused excessive streambed sedimentation in narrow streams.
 
~jstdined logging prolonged adverse conditions in one stream and delayed
 
"tream recovery" Other aspects of logging on anadromous fish production
 
m the Pacific Coast are discussed." 

utler, Robert L. and Hawthorne, Vernon M. 
1968" The reactions of dominant trout to changes in overhead artificial 

cover. Trans. Amer. Fish. Soc., 97:37-41. 

!ill submerged tank at the Sagehen Creek Project of the University of
 
lifornia provides a facility for analysis of trout behavior under natural
 

;[ rt-am conditions. Here, studies were made to learn to what extent dominant
 
["ou~' -\;Ji 11 use shade provided by overhead artificial surface cover. Three 

J"crhead artificial surface covers of different size were constructed of 
3 L, Incb plywood. They were mounted on steel legs and painted black on the 
·;id{" in contact with the surface water. During each of three studies, these 
c,vers "ere permuted every two or three days with three different positions 
T' the test area w 

Three dominant trout: representative of the three common trout, brook,
 
J.nbow, and brown, "ere used in three separate tests. Several brook trout
 

'IHl rainbc\v~:rout occupied the test area simultaneously with each dominant
 

From 286 hours of observation it was lE~arned that the rainbow trout 
hc)<,,)/,c1 the lowest use of shade produced by the overhead covers and the 

'Ii st activity in movements from these shaded areas. Activity of the 
Town trout was the lowest of the three species, but the use of shade was the 
:li~'L sl: The brook trout was intermediate in both these aspects. 
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All three species showed a preference for (Chi-square P~0.005) the 
shaded areas of the large overhead cover (3 by 3 feet) versus the shaded area 
provided by the medium-sized overhead cover (2 by 2 feet). Very little 
utilization "7as made of the shade provided by the small overhead cover 

b'1 1	 foot). 

The rainbow trout showed the least attachment for any particular site, 
t"eas the brook trout and brown trout shovled a preference for a particular 

lte and overhead combination. Although these data are limited, they confirm 
1I1l!ch of \'Jhat is known by the observant angler." 

[dndec K .. D,
 

1955 The standing crop of fishes in lakes. J. Fish. Res. Bd.
 
Canada, 12(4):543-570
 

"Standing crop estimates derived by draining and those by poisoning 
dp!'e;tr to be equally accurate, but marking and recovery estimates may not 
I, directly comparable with the other two average standing crops in river 
b:lckv.1aters and oxbows were almost 500 pounds per acre; in midwestern re
s<'rvoirs, almost 400 pounds per acre; in other reservoirs and ponds, 200 

o 300; in warm-water lakes, 125 to 150; and in trout lakes, less than
 
'::'0 pounds per acre.
 

No correlation could be shown between areas of lakes or ponds and their 
,mding crODs per acre. There was a tendency for standing crop per acre
 

dec rl',:.lSl 'wi th increase in maximum depth of trout lakes, of warm-water
 
lkes, :Ind probably of reservoirs. Significant increase in standing crop
 

" dCP' \.;i th increase in carbonate content of the water was found in
 
t ~'oul- LJ!<cs, \';;.lrlll-water lakes and midwestern reservoirs.
 

Elton's pyramid of numbers was demonstrated in an analysis of standing 
rap per acre by species. Competition between species at the same food 

level may be mitigated by habitat segregation. Standing crop per acre 
in,'Leases as the number of species increases or as the niches are filled. 
However, ~tanding crops of given species were usually highest when only 
one or two species were present. Regressions of the standing crops of one 
sp,cies upon those of other species may give clues as to the degree of 

ompet cLan or of protocooperation, but these clues must be critically
 
udu'd sincL' the regressions may be due to factors other than the pre


\'i Lh" other species."
 

,_, in pman, D. 'vJ. 
1.962.	 Eff(~cts of logging upon fish resources of the West Coast o 

.Iou r. Fores try 60 (8) :533-537.0 

A summary of the effects of logging on fisheries resources and
 
tteam habitat. Items discussed are: stream flows, velocities, water
 

U'mperatures, water quality and sedimentation, aquatic insects and
 
hytoplankton, fish habitat, energy sources for production, log barriers
 

ane! [1 sh ll1ov\:mcnt 0
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(':lapman, Do W. 
1962. Aggressive behavior in juvenile coho sal mon as a cause of 

emigration. J. Fish. Res. Bd. Canada, 19(6):1047-1080. 

'Large numbers of coho fry (called nomads) move downstream from shortly 
after emergence through early fall. These fry are smaller than residual coho. 
Study of behavior showed coho to be aggressive and territorial or hierarchical. 
Nomadic coho placed in stream aquaria barren of resident fish tended to remain 
Ln the aquaria rather than continuing downstream movement, while nomads added 
u) resident groups of coho were dominated by the resident dominant fish and 
2nded Lo leave the channels. Hierarchies were organized on the basis of fish 

~j , with larger fry having better growth opportunities. Feeding of coho in 
excess of requirements did not alter holding capacity of stream aquaria. 
Aggression observed in natural stream areas was frequent, probably virtually 
continuolls. Nomads transferred to natural stream areas barren of other coho 
nJ\lbined tlw Cl', while nomads added to resident populations tended to move 
:C<\4n:~t:':"eam. It: was concluded that aggressive behavior is one important
 
factor causing downstream movement of coho fry."
 

!:ld I'mall, D~ W.
 

1965. Net production of juvenile coho salmon in three Oregon streams.
 
Trans, Amer. Fish. Soc. 94(1):40-52
 

'Net production of juvenile coho salmon was estimated in three small
 
t reams in Oregon for 4 consecutive years Annual net production of coho
o 

1"ClS gn'atly different in the 4 years, but production per unit area was 
im] Tar among streams, averaging about 9 g/m2 per year. No significant 
ir'len'IlCes \'Jere found among streams in production per unit area for 14 

rnonths from emergence of fry one spring through seaward migration the 
next springe For 4 years biomass averaged 5-12 g/m2 shortly after emer

( () f fry, declining to 2-3 g/m2 by July and remaining at about 2-4 
until emigration of smo1ts in the following spring. In all years, 

'lll'an productlon declined from 1.9-2.8 g/m2 per month after emergence to 
.!-O.J g/m

2 
per month in winter, then increased to 0.5-0.6 g/m2 per month 

J' )' to emigration. Monthly instantaneous growth rates were highest shortly 
il'Llr emergence of fry, dec1ini~ until late winter, then increasing just 

fore smolt emigration. The mean monthly instantaneous growth rate was 
3bout 0,19 for all streams and years. Yield of smo1ts as seaward emigrants 
ranged from 18 to 67 per 100 m2 • Net production was 1.5 to 3.0 times 

LC'ater than yield as biomass of smo1ts. Net production of all fish in 
n stream containing coho, stee1head and cutthroat trout, and cottids was 

;imated to be 16 g/m2 per year and compared with data from other waters. 
iltive1y ] argc' freshets appeared to cause large downstream movements of 

jllvenU coho. Downstream drift of postemergence fry and emigration of 
':1Y.I.1.ng t,~nded to bias estimates of growth and net production in the 
~"lduD populations"" 
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PI11:11', • VIr. 
1966. Food and space as regulators of salmonid populations in streams o 

Amer. Nat. 100 (913) :345-357. 

"For stream-dwelling, natural population of salmonids, all the foregoing 
;m be forged into one grand speculation. The physical environment only 

Legislates the density and does not react to the biological aspects; thus, 
etting the framework within which density is governed o Some biological 

aspects of environment have the characteristics necessary for governing 
del1s.ityo In some cases, competition for spawning sites may limit density; 
more usually, seeding is adequate and the control of density occurs at 
later stages in life history. Predation, cannibalism, pathogens, and 
drasi toes act usually as agents of destructiLon. Interspecific competition 

in scream fish acts more as a density-legislative factor than as a density
guverning one because of specific habitat isolation brought about by current 

locity, bottom type, cover, and time. 

n mrnmer each species is regulated in density by a space-food, some
!·jnk", h space-shelter, mechanism. In the former case competition for 

pile •. (contest) has been substituted for conventional competition for food 
'>l ramble), but the substitution is incomplete, permitting populations to 
;'lake use of temporarily super-abundant food" A minimal spatial requirement: 
appean' :.0 he present regardless of food supply and perhaps has been fixed 
·)ver th, evolutionary time scale by minimal food supply. If density is 
rcgu~ tcd in the winter, it probably is related to space necessary to 
,':;cape dOlvnstream displacement or damage by current." 

idpmar., ,.). H 0 and Rjornn, T. C. 
;9(.(J" Distribution of salmonids in streams with spec~al reference to 

food and feeding. Symposium on salmon and trout in streams. H. Ro 

MacMillan lectures in fisheries, Univ. B.C. p 153-176. 

"Autecology of fish distributions is treated with particular attention 
,) behavior of young chinook salmon and stee1head trout in Idaho streams. 

Behaviour of other fish species and races is examined and discussed. 

Tn the 1tJanner months young chinook salmon and stee1head trout are 
d',sociated 'with velocities and depths in proportion to body size, shifting 

faster and deeper waters as body growth occurs. Interaction for space 
tWeen species is minimal because of differing times of fry emergence. 

lLstribution close to high-velocity water is food-related and density is 
socially-controlled with the greatest distributional role of social be
havior played among fish of near-equal size. During the day the fish 
",'main in d small home area, then settle at night to the bottom, generally
 

cer moving inshore.
 

inning in September many young steelhead and chinook salmon move 
'o\vr,strearn from tributaries to overwinter in larger streams, often living in 
Ii ':; tr, am substrate, Most fish disappear into the substrate at tempera
lIfe b, low about 5 C, and winter cover is important in holding over-winter
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Distributional behavior of young salmon and steelhead in the warmer months 
is similar to that of several other salmonid species. Winter hiding behavior 
'_" common in stream salmonids, often preceded by downstream movement in the 
fa1 t. Return upstream movements in spring often occur. Such behavior in the 
CD del' months is probably directly related to water temperature." 

Con c F. P., Wagner, H. H., Fessler, J., Gnose, C. 
19660 Development of osmotic and ionic regulation in juvenile coho 

salmon Oncorhynchus kisutch. Compo Biochem. Physio1., 18:1-15. 

The deve lopmental pa ttern for the osmo tic and ionic regula tory 
:Hcm during the juvenile phase of the life cycle was determined. 

''1''i1surements of survival time were made monthly as were changes in blood 
osmotic, sodium and chloride concentrations following exposure to sea water 
(salinity = 30%J. 

The development of sea-water adaptation preceded seaward migration 
and parr-smolt transformation by 6-7 months. No regression of adaptation 
was obsc'rved following the terminal stages of the migration period. 

:3. Sea-water survival for various salinities (20%~301.~ was shown to
 
" a fUllction of size and not chronological age. Relative survival times
 
ctVJeen certain species of the genus .s..a..lm9 'were compared to Oncorhynchus
 
l~tch 

-to Variability of the osmotic and ionic regulatory system was 
indicated by the deviation between blood concentrations (i.e. mOsm/l, 
mEquiv, Na+/l and mEquiv. Cl- /1) of fresh-water fish (control) and fish 

pos,'d to sea lAlater during the pre-migratory, migratory and post-migratory 
I"'i.:--..)ds.! II 

Cooper, Eo L. 
1970. Growth of cutthroat trout (Salma clarki) in Chef Creek, Vancouver 

Island, British Columbia. J. Fish. Res. Bd. Canada 27: 2063-2070. 

llCutthroat trout were collected periodically from April 3 to September 20, 
t.968, by e1cctrofishing and were preserved in formalin. Within a few days, 
each fish was measured and a sample of scales was taken for study. Scales first 
tppeareCl on these cutthroat trout immediately above and below the lateral line 

on the anterior portion of the caudal peduncle. Scales were always selected 
f:r0111 t.his area for study, mounted in glycerin-gelatin, and examined at a 
magnification 01 127 diameters. Scales grow relatively more slowly as the 

8h increases in length, causing the body-scale relation to be curvilinear. 
Grmvch cd: the fish was detennined both by calculating size-at-age data from the 
.c;c:Jlc and by comparing mean lengths of age-groups collected at different times 

til" arc 

The growth of cutthroat trout from Chef Creek was slow; calculated mean 
lark lengths for the first three annuli were 50, 84, and 119 mm. Only a few 

sh of age-group IV were collected and these were considered to be nonanad
-OTilOUS individuals on the basis of scale examination and small size." 
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Cordone, Ao J. and D. W. Kelly 
1961. The influences of inorganic sediment on aquatic life in streams. 

Calif. Fish and Game. 47:189-228. 

"Thi're is abundant evidence that sediment is detrimental to aquatic 
in salmon and trout streams. The adult fishes themselves can ap-

I nent y stand norma I high concentra tions wit hout harm, but depof;i tion 
" cedi-ments on the bottom of the stream will reduce the survival of eggs 
dlld all'vins, reduce aquatic insects fauna, and destroy needed shelter. 
TI), [l :1 sCiHcely be any doubt that prolonged turbidity of any great 
,I, 'Ct ie,' also harmfulo" 

ronc, Richard Allan 
1968. Behavior and survival of coho saLnon, Oncorhynchus kisutch 

O·Jalbaum), in Sashin Creek, Southeastern Alaska. M. S. Thesis, 
Oregon State University. 79 pp. 

"A weir or fyke net was fished in the spring to estimate emigration of 
"velJile coho. Coho smolts left Sashin Creek from April through July; peak 
'Iiigration occurred in late Mayor early June. Coho fry left the stream in the 

Epring and summer in widely varying numbers from year to year. I estimated
 
from growth data, population estimates, and analysis of scale samples that
 
r:os t coho juveniles remained in Sashin Creek for two growing seasons before
 
nd,grattng to sea.
 

Analysis of scales from juvenile coho indicated that some reabsorption 
(J scales occurs during the winter. The possibility of reabsorption of circuli 
Tllakc s back-calculation of the length of younger age groups of coho from scale 
n~asurements unreliable. 

ili-ptera were represented more often than any other order of insects in 
ihv stomachs of juvenile coho. Hemiptera were important as food items to 
uvenile coho in a tributary stream. The estimated survival from egg deposition 
o immediately prior to emergence varied between 17.5 and 34.9 percent for the
 

three brood years, and averaged 27.8 percent. Early summer populations of fry
 
\Jeri variable in size and dependent on the size of the egg deposition of the
 
>rood, Popula.tions of fry declined rapidly during July and early August. 
nstantaneOllS mortality rates were much higher for this period than during any 
lther time in the freshwater life of coho salmon in Sashin Creek. Mortality 
lroppecl to a low level during the following "linter period." 

I emory, Robert Leroy 
19~1. Foods of juvenile coho salmon and two insect groups in the coho diet 

j,D three tributaries of the Alsea River, Oregon. M.S. Thesis, Oregon 
State University. 68 pp. 

'1 Diptera in the three streams was the most important goup of food items 
in terms of dry weight. They were represented mostly by Tendipididae. Other 

Clod groups of importance were Ephemeroptera in Deer Creek, Trichoptera in Flynn 
(reek and Hymenoptera in Needle Branch. 

flO 
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2. Fish in Deer Creek and Flynn Creek fed mainly on organisms of aquatic 
habitats~ but fish in Needle Branch fed mainly on terrestrial organisms. During 
the sunnner months of 1959, fish in Deer Creek fed primarily on aquatic items, 
but in Needle Branch the diet was composed mainly of terrestrial items. Fish 
in Flynn Creek selected aquatic and terrestrial food items in about equal pro
portions. 

3. The predominance of aquatic items in fish stomachs from Deer Creek 
during the sunnner months of 1959 was apparently due to organic drifting result 
ing from surface flows between pools. In Needle Branch the predominance of 
terrestrial items was apparently due to lack of organic drift because of 
little or no surface flow between pools lat,e in the sunnner. 

4. Generally, 0/ age fish utilized the smaller invertebrate organisms 
such as Tendipedid larvae, Collembola and small mayfly nymphs. Trichoptera 
and other larger insects were utilized mainly by 1/ age fish. 

5, Baetis nymphs were predominately algal feeders, diatoms being the
 
dominate algal forms present in the stomachs. Amounts of algae available to
 
Baetis nymphs were limited by reduced light levels due to cover densities.
 

6. Paraleptophlebia nymphs were predominately detritus feeders during
 
daylight hours because of a strong negative-phototropic response. Two
 
night sampling experiments indicated that these nymphs fed to a greater
 
extent on algae at night.
 

7. Examination of Hydrobaenid larvae indicated that they were primarily
 
detritus feeders and fed only to a limited extent on algae."
 

Doudoroff, Po and D. L. Shumway. 
19670 Dissolved oxygen criteria for the protection of fish. In: 

A symposium on water quality criteria to protect aquatic life. 
Amero Fish. Soc. Special Publ. No" 4: 13-19. 

In laboratory studies, swimming ability and rates of development and 
growth have been shown to be limited by the oxygen supply at oxygen con
centrations very near or even well above saturation levels. 

Edgington, John Richard. 
1969. The impact of logging on the ecology of two trout streams in 

North Idaho. M.S. Thesis. Univ. Idaho, 73 p. 

"4. No unfavorable conditions were found in dissolved oxygen, pH or 
hardness in the control or test streams for either study area. 

5. Turbidity measurements were high mIring road building in 1957 in 
Crystal Creek and increased sedimentation was noted. Turbidities in 1966 
were low for all streams. 
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6. No effect OIl cutthroat trout: population was detected that could 
h Itributed to logging. 

Trends in abundance of the four most important Orders of aquatic 
llU;ecty in tlw Sr. Joe study streams appeared normal over the years. No 

[ron ing "i"a noted in thi 'llyn. 

(j ,~r:Ol,lITWdXd crend aftc r road btl Lldi.ng was most clearly noted for 
v"illme,' of PJ ('captera fallmdng road construction in the Crystal Creek 

or FpheHleropt.era and '.l.'richoptera also trended downward. Insects in the 
slop :n lIver Creek) had si:ni.lar although less pronounced trends 

appears that weather conditions may also have been affect
[Ui!1 fauna of thc· area" 

q dol ~:lreams have ether reached the pre-logging level of bottom 
UlJUclan,:c or have sho\,,1.1 nn increase. 1I 

Jmundson, Idon, Everest, F. E. and Chapman. D. W. 

11Gb" Permanence of station in juvenile chinook salmon and steelhead 
rOll" T. Fi,;!)" Rf";. Bd, Canada Q 25(7):1453-1464. 

"DayLiTne movements and night locations of juvenile steelhead trout (Salmo 
.:1!Lirdneri) and night locations of spring-run chinook salmon (Oncorhynchus 
~;?Jlaw)'tsch<i.'dc'Le observed in Johnson Creek and the Lochsa River in Idaho 
nr L1!';ummer of ·196'j, and 1966, The observations were made by branding 
Loh and observing them subsequently under water. The distances between 
'guentia] ightings of branded steelhead within each day and over longer 

d recorded, In I'll sequential sightings of steelhead within each 
k, ''is'!, 0 the dis tance ,; moved \vere less than 3 m and 86% 

r~ I 58 than 6m. In 59 sequential sightings of branded steelhead on 
cc:ssiVt: days in the Lochsa River and Johnson Creek, 53% were less than 

:mel 62°/ were less than 6 m apart. In sightings of branded steelhead 
\ ,HIa 'l-!l, , Lj·5/a (25) or the sequential sightings were less than 

Iv less than 6 111 apart. Hovements of spring-run juvenile 
: 'lOOt' salmon wit.hin each clay "Jere measured in a stream aquarium (10.5 m 

mg and 0.6 m \"ide). Of 272 observed daily movements, 65% were less than 
L(:clh ... ad trout were inactive at night, occupying bottom areas of 

USUd] inshou: '" liil th.:' day they ~7ere in areas of 
lent" Chinook s;;lmun wen' observed at night to be both on the 

uom and HL'ar the surface in quiet WelLer, and on the bottom in flowing 
1 Chinook salmoll. were found at all dEpths in quiet water during the day. 

orne steelhead trou~ were EOWld in the substrate in the same area 
i_ d the previous summe r. 11 

Lgbi' 0 'the food of trout (Salmo. trutta) in a Dartmoor stream. J. Appl. 

£co1o, 4, p. 59-72. 

1'11< food c,f twut (.§..alrr~ _tr~lt:t:.':!.) \"as investigated in relation to 
<Jrift ;111ct :=hc b{-:ntl1oS (;1 



2. Using an electrical stunning machine, fish samples were taken from 
June 1963 to October 1964 in the day and from April to October 1964 at night. 

3 0 Nearly all the common members of the benthos and drift occurred in 
ttlL' trout stomachs, but only 1+ and 2+ trout contained the larger members of 
the benthos and drift. The biomass and numbers of most items in the 
stomachs increased with the size of the trout, and showed no definite 
pattern when compared on a monthly basis. 

4. l'he principal day foods were nymphs of Baetis spp. for 0+ trout, 
lerrestrial invertebrates and oligochaetes for 1+ trout, and large larvae 
of Limnephilidae for 2+ trout. It is suggested that this marked difference 
in the principal foods reduced the competition for food between the fish 
classes. 

5. Most of the animals taken exclusively from the drift were only 
important as constituents of the diet in sununer, and those taken chiefly 
from the benthos were important in both winter and sunnner. Some animals 
were taken from both drift and benthos in large numbers, especially in 
winter c 

6. The fish samples taken at night indicated that the trout were feeding 
in the early hours of the night during the sunnner months. It is concluded 
that the availability of many benthic animals increased at night and that 
the trout: were utilizing this readily available food either as drift or from 
the tops of stones." 

Elliott, Steven T. and Robert H. Armstrong 
1972. Dissemination of information collected on Dolly Varden. 

Alaska Department of Fish and Game. Federal Aid in Fish Re
storation, Annual Report of Progress, 1971-1972, Project F-9-4, 
13(R-IV):In print. 

1lInterspecific and intraspecific competition was observed in Dolly 
Varden-coho communities with coho fry and Dolly Varden fingerlings being 
the most aggressive. 

Dolly Varden and coho communities appear to be vertically segregated, 
with rearing char feeding closer to the substrate and coho feeding at the 
';urface. 

Rearing fish population densities were influenced more by intra
Spli i fic competition than interspecific competition. 

U1C food habits of rearing fish appear to remain fairly constant 
during the rearing period. 

63
 



Both SJ0ci~s of fish utilize invertebrate drift for food, coho to a 
11'], ;2r<'aU' t~nt t'hat Dolly Varden" 

D()1] ardi'nmayEeed st~lectively on Chironomidae larvae. 

~ pc;' ")res"n!":; the results of information collected at Hood 
're,de OUt.lH'iicot- Alaska from May 1968 through May 1971 on rearing 

J \te linus malma) and coho salmon (Oncorhynchus kisutch). 
us 1'1.::;1 ,,2S placc'cl on ,ompetil~ion, food habits, and habitat 

qn r"~nH.r: 'l r(?arin,rr fish ~ 

Rear: Dc; Do] Vaulen and coho were distributed throughout Hood Bay 
.h h,r;)ung char appEc'aring to prefer und(~rcut banks as habitat and 

tr hu d backwaters, and slow moving tributaries. 
I ~ found along stream margins and small 

"lilt nT' L I' 

1',oU";pccies of rearing fish appear to move to the warmer headwater
 
'i ',t'lr ,'j (J'/(' rwinter. During the winter fewer Dolly Varden feed
 

, FreId H. 
lq69 Habitat s lection and spatial interaction of juvenile chinook 

snlmon i1nd steelhead trout in two Idaho streams. ph. D. thesis, 
Un [\' of Idaho" 77 pp" 

i\ ,''ley 01 28!tU ! of habitat in 1966 indicated that during summer 
'lopuLa I c f ttl l' speciec;lH' segregated. Age a steelhead 

dnmdan vc Cllhb substrate at velocities and depths of less 
in m/sec and 0.15 m, respectively; densities of age 0 chinook were 

aXLll1al over ',i! substrate at. velocities of less than 0.15 m/sec and 
ths 01 Uc 1.5-0.3 m: C1ge ] steelhead were most abundant over large rubble 

~0 10cit and survace velocities of 0.15-0.3 m/sec 
l'cspecLi Ly, and depths of 0.6-0.75 m. In 1967, 

I," allopaLric populations of each species was sampled to 
St.,grpgatiol! "IdS the result of interspecific interaction. The 

1 i d his.vorl, did not demonstrate an interactive segregative 
: 'il ;n,;lc'ad i.udicdt2d that the presence of one species had 

.Iel on distribution of the other. Juvenile chinook and steel
the same size were found to have similar ecological demands. But, 

':rc:wr: Ln sp and chinook spawn in early fall, creating intra
1.11.:1 z.' groups of pre-smol ts and minimizing the potential for 

[ndividuals of both species hibernate in rocky areas of the 
p:l ! ic :·dz.c >,~o em) in winter." 

11, and I), W. Chapman 
Hahitat: " JCCUCHl and spa al interaction by chinook salmon and 

,'J i!i.'cl,! I 'u t i fl L\,,'O Idaho streams. J. Fish. Res. Bd. Canada 

G4
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"During summer sympatric steelhead trout and summer chinook salmon 
segregated in Crooked Fork and Johnson creeks. In short-term allopatry, 

ach species occupied the same types of habitat as in sympatry. Most 
age 0 steelhead lived over rubble substrate in water velocitites and 
Gop h5 of less than 0.15 m/sec and 0.15 m, respectively; most age 0 
chinook lived over silt substrate in water velocities of less than 0.15 
m/sec and depths of 0.15-0.3 m; most age I steelhead resided over large 
rubhle substrate in water velocities of 0.15-0.3 m/sec (near bottom) 
and 0.75-0.9 m/sec (near surface), and in depths of 0.6-0.75 m. As 
fish of each species became larger they moved into faster, deeper water. 
,juvenile chinook and steelhead of the same size used the same physical 
space. But steelhead spawn in spring and chinook spawn in early fall, 
and disparate times of spawning create discrete intra- and inter
specific size groups of pre-smolts. The size differences minimize 
potential for social interaction, both intra- and inter-specific." 

Fraser, F. J. 
L969. Population density effects on survival and growth of juvenile 

coho salmon and steelhead trout in experimental stream channels. 
Symposium on Salmon and Trout in streams. H. R. MacMillan 
Lectures in Fisheries. Dniv. of B.C. pp. 253-265. 

"In nature, coho salmon and steelhead trout are closely associated in 
their first year of life. This association, combined with initial high 
densities, must play an important role in determining growth and survival. 
This study was designed to measure density effects upon the population 
dynamics of these fry. Three hypotheses were tested: (1) that growth 
rates are density-dependent, (2) that survival rate is largely species
specific and, (3) that interspecific competition will be less intense than 
intraspecific competition. 

Steelhead fry have a faster initial growth rate than coho, enabling 
them to exceed the coho in growth despite the latter's earlier hatching 
and consequent initial size advantage. Growth rates were inversely 
related to density, both inter- and intraspecific effects being noticeable. 
Survival data indicated that this aspect of their population dynamics was 
largely species-specific. 

The effects of competition, both inter- and intraspecific, were found 
be greatest within the high-density group, where minimal biomass was 

produced. The effects were much less within the intermediate groups where 
competition was almost entirely intraspecific. The low-density g~ups 

,>xperienced minimal competition." 
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P" P. A, Olson, and R. E. Nakatani. 
'j 
, ! 5"111(' (actors in susceptibility of juvenile rainbow trout and< 

inn,>!, ,;aLnon Lo ChondrococcllS columnaris. J o Fish. Res. Bd. 
,. 28: 1739-174:\c 

":;<1,; til 1 L (If iuvcniles of chinook salmon (Oncorhynchus 
,,:.:;tl,-~w:i t~..Q,i:J: and ,'ainbow rrou t (~:? gairdneri) to Chondrococcus 
..._2..,~ym1ll~~C~.s ";(,a~;, appcar,'d 10 be influenced by age of fish, crowding, 

" '-Jd., r t" 1}wra lure. Raj nbow trout of about 1 g and chinook salmon of 
,,(' }C' s SlJSC ptib]C' than smaller fish, and tests with chinook 

gp:sLed that age, wac'; mOL(' i.l1lportant than weight. When chinook 
CI ilV' raging "oJ 8 \oJen: CXpOSl'c] from July to October to the pathogen 

\,aU.'L, mOl'taLity ranged frc:m 1.0'/0 in a trough with 50 fish to 
\.vi ,90U o Mortalily of rainbcM trout averaging 2.4 g that were 

1i' pathogen ill trough c i \ier (vater averaged 4.7-2270 after 4 
froFt :7" to 17 0 fl C; the survivors, however, \vere 

.an LCJ :i11D,:>pquent infer lion, suggesting development of an 
ri t LiJO/ mortali ty of sibling chinook salmon averag

,', xoc)";c' :)r 25 lliin co about 2.5 x 105 organisms per 
l' j L'iver wa.ter (vcre ahout 19 hI' at 10 C and 8 hI' at 22 C. 

:>[1 rai.nhmv tnJUt 'vas higher when they were held at 2 0 2 degrees C 
nan it he'lC] 3' 2.2 degrees C above seasonal river temperatures." 

, )i J III I: \-i, t1. a wi B j 0 rn , L C,
 

lS[] production U1 t\vO Idaho streams. Trans. Am. Fish. Soc.
 
LO()U~·) :769-780. 

twa!'" fi"ll produc tum (tissue elaboration) in two tributaries 
Ri r in Idaho Fish in Big Springs Creek produced 11.8 

it the Lemhi River 13.6 g/1ll 2/yr. In Big Springs Creek juvenile 
'lhead trout comprised most (84-95%) of the biomass present and 

of tJw producLion (88%,). In the Lemhi River, however, a 
f'll f unexploited whitefish made up most (60-80/0) of the 
but: contributc:d only 5Llo of the production. The desired yield 
Springs Creek, an intensively managed stream, was stee1head trout 

Hid eh,,, \'7(:'ight of the juvenile migrants was 34% of total production 
;tl:e,l!1I" in the Lemhi River, chinook salmon smalts were the primary 

>i,ld wc'i ' smalts \ias probably less than 11% of total production. 
!, "I]S DDiined from Lhe \\'hitefish population in the 

"ugges[s that possibility that both Brook trout and stee1head 
i' (';'iint r iLl sma] tributaries and return to the main creek during 

I,,, almon <Q.!1l'hor1!y)iI'bl!:.!3 kisutch, \.Ja1baum). A biological 
Ie s T1NRO 28:~1-10lo Fisheries Res. Bd. of Canada 

~n~ at!on Series No. 1~O. 
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Emergence of coho fry from the gravel occurred from March to July with 
try averaging approximately 27-32 mm. Yearling and two year old coho 
'lleaSUrc 35-115 mm and 55-125 mm in length respectively. Scale circuli 

ounts for young coho average as follows: Age I summer, 4; winter 4; 
Age 1+ i st summer 6; 1st winter 6; 2nd summer 3; Age 11+ 1st summer 5; 
st winter 7; 2nd summer 7; 2nd winter 5; 3rd summer 5. The ratio of 

yearlings to cwo year aIds in all sample areas ranged from 66'70-100%. 

Newly emerged coho were usually found in quiet backwaters, in shady 
,In'as near overhanging vegetation or near underwater cones. Larger finger
Ii ngs 'V" rc found in deep quiet reaches. Mas t of the fish move into deep 
Ivat:< r during the winter. 

;rj Cfith, J. S., Jr. 
1972. Comparative behavior and habitat utilization of brook trout 

(Sa1velinus fontinalis) and cutthroat trout (Sa1mo clarki) in 
small streams in northern Idaho. J. Fish. Res. Bd. Canada. 
29:265-273. 

f! [nell \' iclual brook (Salve linus fontinalis) and cut throat (Sa1mo clarki) 
nJUt communicated with similar behavioral signals, both in laboratory 

'i t (cam-channels and in northern Idaho streams. Underyearling brook trout 
'v, n less ac tive socially than equal sized cutthroat trout in laboratory 
ohst'rvat ions. In study streams, brook trou t maintained a 20 mm size 
advantage over cutthroat of the same age groups throughout their lives, 
as they emerged from the gravel before cutthroat. Because of this size 
advantage, underyearling brook trout of sizes found in study streams in 
Scrtember consistently dominated in experiments the underyear1ing cutthroat 
'.vitll which they normally livedo But in study streams underyearlings of 
ttH' t\vO species utilized different microhabitats, particularly with 

speet to water depth, and so minimized chances for interaction. 

Year] ing and 01 der brook trout initiated 40% fewer aggressive en

,runters under laboratory conditions than did equal sized cutthroat trout,
 

and dicj not displace the cutthroat. In study streams with sympatric popu

lations, cutthroat trout of these age groups occupied territories with
 
oea1 points of higher water velocities (averaging 10.2-10.3 em/sec) than
 
has occupied by brook trout (averaging 7.,6-9.6 em/sec). Considerable
 

intl'rspecific overlap in other habitat characteristics occurred fo~' trout 
L age group I and II. The oldest members of the two species segregated 

morl' distinctly, as the brook trout lived closer to overhead cover." 

(;rits('nko, O. F o 

1969 0 Diet of the char (Salvelinus alpinus (L.) in the rivers of 
Sakhalin. Probe Ichthyologyo Vol. 9, No.3, p. 410-417. 
American Fisheries Society (Translation). 

"Eggs and young salmon of the genus Oncorhynchus constitute the basic 
nod '1) the char, Salvelinus alpinus (L.), in the rivers of Sakhalin. The 

i_iint s and duration of feeding of the char are determined by the time of 
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l)J Wdrance of this food and its abundance, factors which differ substan
lJ Ln the rivers of different types depending on the species of 

aLmon Lnvalved and their spawning times. Salmon losses caused by char 
pr--:datiun on the young stages are not great, since the char consumes 
'na inviable eggs and weak young." 

'Artie char may provide a hygenic function in streams by eating dead
 
:'_;;) an.c.t i
 

't~iTian i·:'
 

'! q k. rv!uuth size and food size in young rainbow trout,
 
~a"h0..l2. gairclneri. Copea No.3, 233-234.
 

3t:ndi indicate that threc: types o[ food; trout fry, trichoptera
 
i"\ ,and stoncfly nymphs are injested successfully in decreasing order,
 

I' . t [vo lyo Since the three organisms offer varying degrees of res is 
; 'C;tion, when related to the mouth size of the predator. 

rtman, G. F, 
1963" Observations on behavior of juvenile brown trout in a stream 

aquarium during \'linter and spring. J. Fish. Res. Bd. Canada, 
20(3):769-787. 

"Ubservations were carried out in February-March and May-June periods 
cmring which water temperature ranges were 0.0-0.5°C and 8.5-12.5°C, re-
e: "ee Live 1y. Responses of fish to structures representing simplified 

:\li ranmental features, e.g. visual reference points, support against 
;'iiLicL fish could brace themselves in current, areas of slow water, over
h,d cover and areas of shade, were studied at three different water 

'lociLies o Winter and spring responses to illuminated and dark cover
 
let as of rocky bottom were compared. Fish associated progressively
 

,vitJ] experimental structures as more environmental features were
 
I\'orporatc·d into them. Degree of association with such structures and
 
th ,)tht~r types of cover was much greater during winter. Degree of
 

;',ociation increased with water velocity during both spring and winter.
 
ceasing water velocities modified aggressive behavior. Fish dis-


d relatively more at low water velocities and nipped more at high
 
oeities. Ie is possible that the association with and defence of
 

i (locations on the bottom of a stream has selective value that
 
nu seasonally, providing the species with protection from
 

,'at on ,md from displacement by current in winter, and with an 
(1. :1lode of food utilization in spring and summer." 

4b,. TIle role of behavior in the ecology and interaction of underyearling 
coho salmon (Oncorhynchus kisutch) and steelhead trout (~ 

&!o1-L(Jneri). Fish. Res. Bd. Canada Vol. 22, No.4, p 1035':'1081. 
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"~NO similar sa1monids, coho and steelhead, cohabit many coastal rivers 
of British Columbia. Field collections reveal that the distributions of 
underyearling coho and stee1head are similar along the length of these 
streams" However, the micro-distribution of the two species is different. 
Ia spring and summer, when population densities are high, coho occupy pools, 
trout occupy riffles. In autumn and winter, when numbers are lower, both 
species inhabit the pools. Nilsson (1956) stated that segregation (such as 
that shown by coho and trout in spring and summer) may be indicative of 
competition resulting from similar ecological demands. To test this 
hypothesis the distribution and behavior of coho and steelhead were com
pared in a stream aquarium at different seasons with gradients of light, 
cover, depth or depth/velocity, and in experimental riffles and pools. 
Distributions and preferences of the two species in the experimental 
environments were most similar in spring and summer, the seasons when 
segregation occurred in nature, and least similar in autumn and winter, 
the seosons when the two species occurred together in nature. Spring and 
summer segregation in the streams is probably the result of interaction 
\.Jhich occurs because of similarities in the environmental demands of the 
species and which is accentuated by dense populations and high levels of 
;lggressiveness. The species do not segregate in streams in winter be
cause certain ecological demands are different, numbers are lower, and 
levE~ 1s of aggressiveness are low. When the two species were together in 
rile E'xperimental riffle and pool environment, trout were aggressive and 
dcfvnded areas in riffles but not in pools; coho were aggressive in 
ools but less inclined to defend space in the riffles. These differences 

in hehavior probably account for the distribution of trout and coho in 
natural riffles and pools. 

l~e dato support the basic contention of Nilsson (1956) and illustrate 
the role of behavior in segregation produced by competition for space." 

Hartman, G. F. and Gill, C. A. 
lq68. Distributions of juvenile steelhead and cutthroat trout (Salmo 

gairdneri and ~. clarki clarki) within streams in southwestern 
British Columbia. J. Fish. Res. Bd. Canada. 25(1):33-48. 

tlTraut were collected and identified from 66 streams or stream systems 
I lfferent size and gradient. Total sissolved solids (T.D.S.) and pH were 

dctcllllined on most streams. Size and profile of streams to a large degree 
dete'llllined thc' species of trout present. Large streams, with drainage area 
evel 130 km2 , were predominantly occupied by steelhead. Small streams, 
drainage area under 13 km2 , were pn'dominant1y occupied by cutthroat. 
St rL'ams less than 120 km2 in drainage area with steep gradients, and empty
ing dirc1tly into the sea, usually supported steelhead, as did large rivers. 
Tho~, which dropped steeply and then levelled and ran through several miles 

I sloughs usually supported cutthroat. Wre re both species occurred, cut
throat were most often predominant in the small tributaries and headwaters, 
,mel s teC'lhead in the lower reaches of the main stream. Stream pH's were 
usually lower in winter than in summer, but: had no obvious effect on trout 
istribution Many cutthroat streams had high T.D.S. readings in the lowero 
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rl'i1ches in summer and low T.D.S. readings in these areas in winter. Other
',} L the re \vcre no marked differences between steelhead and cutthroat 

n,ams in terms of T.D.S." 

H: L8(,1, David Ttl. 
1966"	 Age and growth of anadromous Dolly Varden char Salve linus malma 

(Walbaum) in Eva Creek, Baranof Island, Southeastern Alaska. Alaska 
Dept" Fish and Game Res. Rep. No. 5::29 pp. 

"Tue age and growth of Dolly Varden \vere determined from random samples 
lee ted at the Eva Creek weir in 1962 and 1963. Otoliths were used for all 

liSe (h,'termInations" The youngest migrant char were from age group II, the 
Idest from age group XI, and the majority from age groups III through V. By 

the ratio was nearly equal in the young fish with an increase in percent 
)emales in the older age groups. The char from the Eva Creek - Lake system 

laLurcd by their fifth or sixth year. The majority of the Lake Eva char spent 
their 0, I, II and sometimes III years in fresh water and migrate to sea in 
t h(~ ir third or fourth year of life. During this rearing period their growth 
"a very slow. Growth between the out- and in-migrations at Eva Creek averaged 
~4 mm dnd Oo~)O pound. Very little growth was exhibited by the char during 
n"L!~ ,,,,inter stay in Lake Eva" The age composition of char entering a lake 
:ystem and a non-lake system was compared and discussed." 

':,\S , ,!\.• D, and Rainwater, J. Ho 

1939. A method for measuring the food preferences of trout. Copea. 
Ni'o 3:154-157. 

iingcrllng brook trout of about 9-11 ems were fed 4 types of organisms: 
" ([)Ill'Uri a, !'!'y;:lropsyche, Chironomus, and Chaoborus. The se organisms are 

listed in descending order as to the amount of chitenization on the body. 
"Jas found that Acroneuria nymphs were the most difficult to digest and 

[.1 lil,1 til" n'atest amount of time for complete digestion, while Chaoborus 
:Jkjni~ the l(~ast amount of timc'. 

) \,);1 i:itT1 S, 
L950" The evolution of migratory behavior among juvenile salmon of the 

genus Oncorhynchus. J. Fish. Res. Bd. Canada 15(3);391-428. 

"The discussion is based on a detailed ethological comparison of four 
['I' ie'S of juvenile Oncorhynchus-coho, chum, sockeye and pink salmon. 
b,ir behaviour is described in terms of five fixed behaviour patterns-

i iding under stones, occupying territories,schooling, feeding and escap
jng predators. These are performed in relation to five directive factors
iight, temperature, current, salinity and objects in the environment. 
he internal motivation seems to have an endocrinological basis. The coho 
r v , hecaus of its river habitat, territorial behaviour, low nocturnal 

, d i v i ty and smol t transfonnation, is considered to show behaviour nearest 
u that of the parental type of the genus. The pink fry has the most 

l 19h specialized sea-going behaviour. Three major developments are 
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"vident in the evolution of obligatory pelagic and ocean dwelling species 
(a) early smolt transformation (b) increased nocturnal activity and (c) 
schooling. Some possible evolutionary sequences are considered." 

Hopkins, C:. L. 
1970. Some aspects of the bionomics of fish in a brown trout nursery 

stream. Fish. Res. BulL No.4, Fish. Res. Div., New Zealand 
Marine Dept. 

"The population density, growth, and food have been described for the 
members of a mixed population of juvenile brown trout, bullies, and eels. 
The data presented have been used to examine the ecological and competitive 
food relations of these species. 

The food of all species of fish was the stream benthos, and most of 
ihl: animals eaten belonged to the Ephemeroptera and Trichoptera. The inverte
in-ate fauna was of "average richness" on the grading used for North American 

trcams fmd in both density and biomass surpassed that of the Horokiwi, which 
has ')een considered to be similar to many New Zealand streams. 

A consideration of the daily food requirements of the fish and the 
1\!:1i labi Ii ty of food led to the conclusion that under normal conditions food 
,,'as not a limiting factor among the adults and large juveniles. There seemed 
little interspecific competition for food, for living space, or for spawning 
it s. 

It was considered that predation by larger fish on smaller was insigni
ficanL Yet 90 percent of young bullies and trout were lost during the first 
few months of life; so intense intraspecific competition among very young 
fish was postulated. During the period of highest mortality these young 
fish were present in large numbers, shared the same food requirements, and 
apparently ate a limited variety ot food items. Under these conditions the 
availability of food and of living space were probably the principal factors 
governing their survival. 

There appeared to be several mechanisms operating among the young fish 
l_<' reduce the likelihood of a general food shortage. Among the trout fry,
 

e rri torial behaviour ensured dispersal of fish and reduced feeding
 
ressure. Among bully fry, which showed no obvious territorialism, there
 

\'J:1S evidence of migration by some members down stream from the breeding 
area; moreover the protracted breeding season gave rise to a year class of 
large size range which might be expected to eat a wide range of food." 

Hun 'Oman, A. G. 
1945. Migration of salmon parr. J. Fish. Res. Bd. Canada 6(5):399-402. 

lISorne salmon (Salmo salar) parr in a stream descend from the spawning 
~ n:as, particu larly during frcshe ts, to populate lower waters, such as 
[,dc's and fresh or brackish parts of estuaries, although killed by full sea 
l'Jat<'r. Thene" they ascend and populate available streams at variable dis
L,-:n es, depending upon conditions such as fa11s. 11 



Therefore, Atlantic salmon parr have the ability to occupy streams
 
t than their home stream for rearing purposes.
 

dyLl, Clarence
 
1942., Food of rainbow, cutthroat, and brown trout in the Cowichan
 

River system, B. C. J. Fish. Res. Bd. Canada. 5(5):448-458.
 

"Stomach contents of 293 rainbow, 160 cutthroat and 113 brown trout 
re examined and analyzed according to species, size groups (5 em.) and 

I abi tat (river or lake). For rainbows of both river and lake (4 to 50 
( m.in length), insects, chiefly Trichoptera and Simuliidae, were pre
cominant in all size groups. Fish constituted a small fraction of the 

aod except in the winter when salmon eggs were available. River cut
throat subsisted chiefly on insects (Trichoptera) up to 15 em., on 
insects and fish (Gasterosteus) up to 30 em., thereafter largely on 
ish. Lake cutthroat samples did not eat fish in any number until 

em, long. Brown trout ate chiefly insects (Trichoptera) up to 45.5 
m., [hereafter turning more definitely to a fish (salmonid) diet. 
'1" cutthroat were more piscivorous than the brown trout. A definite 
e cction at food by the trout was indicated." 

. enkins, Thomas M., Jr. 
1969. Night feeding of brown and rainbow trout in an experimental 

tream channel. J. Fish Res. Bd. Canada 26: 3275-3278.o 

"This study sought to detennine if stream living brown and rainbow 
rout (Salmo .!;.rutta and Salmo gairdneri) will feed on drifting terrestrial 

.nsec[s at night. Groups of fish were confined in segments of a rocky 
;ubc;trate IIlountain stream, and marked ants were introduced to the current 
fr~m observation towers eqUipped with feeding tubes. After the last 
dltroductions of an experiment, the fish were removed and their stomachs 
,it t, KamirH'd for marked ants. 

Although fish of both species fed at night, they appeared to take 
, sma ler percentage of the ants provided than did day-feeding groups 

died for comparison. Fish feeding under bright moonlight and star
Li.ght captured introduced ants at about the same rates. The results 
;ugge.; t that trout in the type of stream studied feed or are in feeding 
CL~ diness at nearly all hours of the day or night, at least in the 
:umme'c month s" I. 

c' ,~L, .IrQ, C. R. Feldmeth, and G. V. Elliott. 
I i'ceding of rainbow trout (Salmo J~airdneri) in relation to 

abundance of drifting invertebrates in a mountain stream. 
"" Fi.sh" Res. Bd. Canada 27: 2356-2361. 

"Hatchery-reared rainbow trout, deprived of food for 48 or 96 hr 
m, released in a mountain stream for 5- or 10-hr periods, consumed 
11'Y'i.al invertebrates in numbers loosely associated with their seasonal 
<\1 hour abundance in the drift. The same was generally true for 
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!)cnthic insects, except that on several days feeding was much poorer 
relative to drift from 3:00 a.m. to 8:00 a.m. than at other times of 

In September and October tests, aerial forms were abundant during 
daylight, and benthic forms abundant at night, enabling trout to feed 

hr a day. Day and night feeding in September were roughly equal in 
importance, but in October more food was taken during the day. Aerial 
Lnvertebrates were so rare in December that benthic insects were the 
Flost important prey day and night. However, even benthics were not 
numerous enough to provide good feeding." 

Kalleberg, Harry 
1958 0 Observations in a stream tank of territoriality and competition 

in juvenile salmon and trout (Salmo sa1ar 1.. and §.. trutta b). 
Rept. Instit. Freshw. Res. Drottningholm. No. 39:55-98. 

An excellent source of information on territoriality, description of 
tnc' station, boundaries and size of the station, fixation and permanence 

f the territory. Kalleberg also describes the activities within the 
territory such as feeding, size of feeding area, durina1 rhythms, agonistic 
displays, sham and real fighting. The development of aggressiveness and 
territoriality in the individual and the relationships of territoriality and 
schooling are discussed. Kal1eberg also deals with interspecific and 
intraspecific competition. 

Keast, Allen and Webb, Deirdre 
1966. Mouth and body form relative to feeding ecology in the fish 

fauna of a small lake, Lake Opinicon, Ontario. J. Fish. Res. 
Bd. Canada, 23(12):1845-1874. 

"In 14 cohabiting fish species in a small freshwater lake, mouth 
iJl)d body structures combine with food specializations and habitat 
pr,~£erences to greatly restrict interspecific competition within the 
l' 'luna. 

The species differ quantitatively in a large number of structures 
lid, i.ndividually and in combination, these are clearly adapted for 

distinctive roles. The mouth is particularly plastic, varying in 
Dosition, in aperture width, and in overall form, with structures as 
diverse as a scoop, a beak, and a tube being found. Six basic body 
types occur and these, combined with varying in morphologies, result 
in d range of distinctive forms, including the following. Micropterus 
sa1moides, with a compressed fusiform body and a wide mouth, is a 
~trong-swimming, widely ranging piscivore. Notemigonus crysopterus, 
"lith a long, slender caudal peduncle, subfalcate pectoral fins, and a 
deeply forked caudal fin, has great maneuverability that permits it 
1 () .:atch individual zooplankters. Lepomis macrochirus is a 
"sedentary" gibbose-bodied water-hanger. Umbra limi has a stubby, 
,ylLndrical body that favours life in dense vegetation. Labidesthes 
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.l!.:culus, vrith an almost straight dorsal line to the body, a low 
lorsa fin, and a beak-like snout with tweezer-like teeth, is modified 

c:l:r[acc feeding and leaping out at the water. Ictalurus nebulosus 
IA chemotactile barbels that favour bottom feeding and paired fins 

,j t func tion partly as hydrofoils, keeping the body inclined down
ra s the mouth sweeps the bottom. 

,f! structural specializations give their owners a decided 
ogiral advantage in certain situations. Only a few species, 

I, are limited by them to restricted ways of life. In most 
considerable measure of feeding flexibility is retained, 

surlah] )luuportant for survival in cold temperate lakes." 

0, E. C. and Windell, J a T. 
Y Differential movements of digestible and indigestible food 

ractinns in rainbow trout, Salmo gairdneri. Trans. Amer. Fish. 
Soc .. 101 (1): 112-115. 

iZalt ,,; :)f gastric evacuation of digestible organic material, chitin, 
lild organic matter ranged from 80-91% after 16 hours in the stomachs of 
t'ainbow trout 0 The study shows that chitin is evacuated from the stomach 
,j(' :;lmv]y than digestible organic matter. The delay in gastric removal 

co ~f chitin is attributed to their size, with smaller pieces 
Lret' and large pieces be ing retained. 

,an z Richard L. 
i97C. Effects of logging on aquatic resources. Oregon State Game 

r;ommission. Res. Div. Rept. pp. 13,-16. 

;on1.l s information on the effects of logging on rearing coho and 
,,-,run cutthroat. "The primary changes observed after logging have 

1.' 1) an increase in stream temperature, (2) a decrease in 
:0 ved O)~ygl:n levels in the surface waters during the summer when 

ng dobris was in the stream, (3) a decrease in the permeability of 
intr-tgri.tvel environment during the time that salmonid embryos were 

ing in the gravel, (4) an increase in suspended sediments, and 
r,'2SI2 in the cutthroat trout population." 

')56 lnterspecific competition and population control in freshwater 
fLsh v ,10 Fish. Res. Bd. Canada 13(3):327-342. 

interspecific competition is defined as the demand of more than one 
nism for the same resource of the environment in excess of inunediate 

Hhcn two species are "competing for a niche" the term competion 
'1 used to include phenomena such as predation of the two species 

eller, competition to avoid a parasite, etc. Making this 
tinctiun in natural situations is unrealistic. In the limited sense 
i]. h interspecific competition is defined above, it is a discrete 
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phenomenon, which with other phenomena such as predation, can be 
measured as a factor involved in interaction between species. 

Freshwater environments offer comparatively few opportunities for 
specialization in fishes. In consequence many species have a relatively 
wide tolerance of habitat type, a flexibility of feeding habits and in 
gener;}l share many resources of their environment with several other 
species of fish. Cannibalism and mutual predation are common complica
tions of competitive relationships between species. The organization 
of freshwater fish communities is thus characterized by breadth at each 
level of the food chain rather than by a height of a pyramid of numbers. 
Flexible growth rate and high reproductive potential permit fish popula
tions to tide over unfavorable periods of competition. In these circum
stances it is difficult to separate the role of interspecific competition 
from other phenomena as a factor of population control. As a subordinate 
actor, predisposing fish to loss from other causes, interspecific com

petition may act to influence population levels. There is need for 
quantitative data and mathematical models for study of the types of 
population interaction typical in freshwater fish associations." 

Lindroth, Arne 
1955. Distribution, territorial behavior, and movements of sea trout 

fry in the River Indalsalven. Rept. Instit. Freshw. Res. 
Drottingholm. No. 36:101-119. 

"The sea trout fry population of the river Indalsalven was studied by 
electrofishing, marking experiments and stream tank observations. 

The trout fry was found to occupy the shallow water (0-3 drn deep)
 
border line of the river, where the water ripples over stones and gravel.
 
acts are presented indicating that the trout actively drives the salmon
 

fry away from these chosen areas.
 

Observations in a stream tank have shown the territorial behaviour
 
to he dependent on water velocity. This circumstance explains the field
 
experience that trout fry are very rarely seen locked up in shore pools
 
bv falling water level - before being imprisoned they leave their
 
terri.tories.
 

Marking of over 1,200 fry showed that trout parr population to be
 
Tll'Ulblc, undertaking extensive horizontal movements."
 

Lindstrom, Thorol£ 
1955, On the relation fish size-food size. Rep. Instit. Freshw. Res. 

Drottningholm. No. 36:133-147. 
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"Plank ton in some lakes is too scarce to be the main food of char fry 
rJtHn the fry start feeding in late winter and spring. Aquarium experiments 
-,IE)\-} that char fry can consume food items of very different kinds as long 
c1S the items are mOl ing. The food of adult char from some lakes is studied 
qnd the lake plankton is analyzed (Samples: 5-5.3 liters). Attention is 
DC) i to the seasonal variation and the variation between depths between 
,; a r ions in plankton abundance and plankton composition. It is not 

sible to compute a forage ratio and to analyze this material statistically. 
f\kvcrUlC'less the material suggests that the adult char selects a) Cladoceres 
and b) large types of plankton Crustacea (~totrephes, adult Daphnia females, 
Bosmina, Hiterocope). The mechanism and the significance of food selection 

discussed. 

Certain foods indicate that char inhabits the top layers of the lakes
 
iudiecl when feeding on plankton."
 

stt D. B. and Walker, C. E.yo 

1966. The effect at flow control on freshwater survival of chum, 
coho, and chinook salmon in the Big Qualicum River. Can. 
ish. CuI. Vol. 37:3-26. 

"An environmental control project has been undertaken on a British 
,olumbia coastal stream by the Department of Fisheries of Canada to 
increase the production of native chum, coho and chinook salmon popula

lOn,;. The works which have been constructed provide for stabilization of 
','1..ntc1' flo\vs, increase in the minimum surrnner flow, and a degree of 

'mpcra ture control during summer and early fall. The freshwater survival 
rate of each species during a four year period of natural flow conditions 

compared \\lith that resulting from the first two years controlled flow. 
Chum salmon egg-to-fry survival ranged from 5 to 17 percent under natural 
onditions and was inversely related to the peak daily discharge during
 

ehe incubation period. Survival rates in the two years of flow control
 
re 25.2 percent and 24.5 percent respectively. The magnitude of the
 

oIto [r'" emigration near the river mouth was also related to winter
 
scharge stcibilitYg Coho spawning populations of similar size, but
 

[fected by differing incubation conditions, produced fry emigrations
 
'[mounting to 0.3 percent (natural flow) and 4.3 percent (controlled flow)
 

their respective egg potentials. Little variation occurred in coho
 
:;nol. output over a five year period. Chinook salmon survival ranged
 
rom', 1m,; as 0.2 percent under natural conditions to 19.8 percent in
 

vear of c:ont.rol1l~d flow. The largest production of chinook emigrants
 
ae'companied by a substantial change in quality toward smaller size
 
"arLier migrat~on timing."
 

Hdro d W" 
1971L Brown trout ecology. Oregon State Game Comm. Res. Div. Rept. 

d. Aid. F-82-R. pp. 6-8. 
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Information is given on length frequency, age, and population densities 
of rearing brown trout in the Deschutes River system. 

, Gerald R o 

96'). Movement of cutthroat trout, Salmo clarki clarki (Richardson) 
in three Oregon streams. Trans. ArneI'. Fish. Soc. 94:334-338. 

"Upstream migrations of trout occurred from late October until March, 
''lith a maximum in December. Kelts returned downstream from December to 
Aped with the greatest numbers in January and February. More than 90% 

I' the d01>Jnstream movement of immatures occurred February, March, April, 
and May, with numbers being consistently greatest in April. Two-year-old 
immature fish dominated the run in the two larger streams, while l-year

Jd immatures did so in the smallest stream. 

Small tributaries of the study areas were found to be very important 
to cutthroat trout reproduction. Yound trout were noted to leave the tri 
butaries at about 1 year of age. Trout 150 mm in length that had never 
I('f ;hc study streams were found in a gravid condition near redd site." 

Lowry, G. R. 
1966. Production and food of cutthroat trout in three Oregon coastal 

streams. J. Wildt. Manag •• 30(lj.):754-767. 

"The mean annual biomass of coastal cutthroat trout for all streams was 
-i.2 grams per square meter (g/m2 ) 0 Growth in length was greatest in April 
and May and least in October and November. Production per year averaged 
6.1 g/m 2 for the three streams, but production levels were about 20 percent 
igher in one of the three. Food samples from trout stomachs taken during 

the pC'riod of emergence and early growth of coho salmon (Oncorhynchus 
kisutch) fry suggested that cutthroat trout were not important consumers 
of young coho. Aquatic arthropods were consistently an important part of 
the diet; earthwonns decreased in importance and terrestrial arthropods 
increased in importance during the period February-June. 1I 

Low:y, Gerald R. 
197.	 Effect of habitat alteration on brown trout in McKenzie Creek, 

Wisconsin. Dept. Natural Resources, Res. Rept. 70., Fed. Aid 
Wildl. Res., Project F-83-R. 

L\ study of McKenzie Creek, Polk County was conducted for 8 years to 
determine if the brown trout population benefitted from such deliberate 
habitat changes as installation of current deflectors and cover devices, 
hank eevctment, brush felling and removal of beaver dams. Increases in 
number of brown trout were observed following habitat alteration. The 
changes in catchable sized fish were relatively small and could not be 
[~[inately ascribed to the deliberate habitat alteration. The observed 
,hangcs in number of trout may have been affected by uncontrolled and 

nillcasured variables in the natural stream environment. Alterations that 
mainly increase cover on relatively undamaged streams will probably not 
1"('8U] t ;.11 dramatic increases in the number of catchable sized trout. 
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Mason, J. C. and Chapman, D. W. 
1965 0 Significance of early emergence, environmental rearing capacity, 

and behavioral ecology of juvenile coho salmon in stream channels. 
J. Fish. Res. Bd. Canada 22(1):173-190. 

"Coho be·havior was examinee! in two glass-walled stream channels con-
j <Lining riffle-pool series. The apparatus permitted volitional residence. 
E;;perimental groups of coho in each channel were permitted to emerge from 

';irnulated redd environment and subsequently studied for 5 months. 

Aggressive behavior in these coho fry was initiated within 1 week of 
energence from the gravel. Within 10 days of emergence, coho occupied and 
d" fended fee·ding territories well-distributed in riffles. Initial aggression 
,,;.1 nipping and chasing but within 2 weeks of emergence, aggression also 

!\T)lved thn,at. 
Pools appear to constitute principal security features of coho environ

[;1"111. A behavioral pattern termed "fright huddle" was observed and descr ibed. 
1d i vidual fish developed habitual living patterns in the channels, and 

[ 1E"- fi sh tended to occupy downstream areas. 

Earliest-emerging coho enjoyed ecological advantages over later-emerg
i~g fish. The former were larger at a given time and had a greater tendency 

) j-emaini.ll stream channels, suggesting that they have "settler's rights" 
available environment and/or better feeding opportunity. The results are 

disliussee! with reference to environmental rearing capacity and volitional 
·sidence ll 

o 

!;j-Cormack, Jean Co 
"r 962 c The food of young trout (Salmo tnltta) in two different becks. 

J. Animo Ecol. 31:305-316. 

"]. The food of a-group trout (fry) and I-group trout (yearlings) 
l\JCl becks in northern England (one on slate and the other on limestone) 

1 111vc'Higated by examining 909 stomachs collected in the years 1957 to 
(,! 

2. Fry from both becks ate ephemeropteran nymphs, chironomid larvae, 
:,~1~~1~,-	 and dipu,ran larvae, but the relative importance of each of these 
(i1:::1aI:3 c!i f C'rtc'd considerably between the becks. 

[n Black Brows Beck terrestrial animals made up a large part of the 
of YC3clings; in King's Well Beck the yearlings ate the same aquatic 

1'i<11" as fry but in different proportions. 

Very young fry were found to eat the same kinds of food as the older 
! , tli(' organisms eaten were not always the smallest ones available. 

Young trout eat the same food organisms as eels and bullheads.
 
.Jut OVl'r 10 em long eat trout eggs and alevins •
 

"rout fecd even when the' water temperature is below 6° C." 
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McCrirmnon, H. R. 
1954. Stream studies on planted Atlantic salmon. J. Fish. Res. Bd. 

Canada, 11(4):362-403. 

"Plantings of Atlantic salmon fry were made in the Duffin Creek system in 
order to determine the survival and distribution of salmon under a variety of 
stream conditions. Population studies estimated that the three general June 
plantings resulted in an average survival of 12.7 per cent until the autumn 
of the first year, 9.2 per cent until the autumn of the second year. High 
summer temperatures were lethal to the salmon in certain parts of the creek 
system. Over the balance of the planted part, the greatest mortality occurred 
soon after plantings when heavy predation by other species of fish occurred. 
The extent of predation was determined largely by the amount of shelter 
available to the fry. Suitable shelter for the young salmon was limited 
generally to gravelly riffle areas where the degree of bottom sedimentation 
deterulined the amount of shelter offered. Other stream conditions were of 
minor or no importance in salmon survival. Further losses of salmon were 
low once the young salmon had become established in the creek system." 

McGie, Alan M. 
1970. Research and management studies on Oregon coastal salmon. U.S. 

Dept. Inter., Bureau Comm. Fish., Anadromous Fish. Act. Project 
39-2, Annual Rept. 107 pp. 

"Rearing coho are concentrated in the middle of lakes during the summer 
and move into the arms of lakes during winter. In late summer rearing coho 
in lakes are found near the bottom during the afternoon and disperse toward 
t he surface and are randomly mixed in the \Jater column in' the evening hours. 
j'l,c' population shifts back to the bottom during the day. 

Coho in lakes grew faster initially but tapered off toward winter. 
Coho in streams had a more constant growth rate but it fluctuated more. 

Co~) fed on Zooplankton and chironomid larvae and pupae. Terrestial 
insects did not seem to be of any great importance (2%). Fall chinook 
salmon: discusses emigration time, growth rates, length, size of emigration, 
die] pattern of movements, competition with coho. Chinook grew slower than 
'oho when they were together. Rate of growth of chinook appeared to be
 
impaired by the presence of coho. Also data on growth rates of estuarine
 
raised coho and food composition."
 

Miller, William H. 
1968. Downstream emigration of chinook salmon fry. Idaho Fish and 

Game Dept., Salmon and Steelhead Investigation, Project F-49-R-6, 
Job Completion Rept. 16 pp. 

"Tests were conducted to determine the influence of the following factors 
on downstream movement of chinook salmon fry: (1) density, (2) bottom type, 
(3) visual and physical isolation, (4) food, and (5) temperatures. Downstream 
movement of chinook fry appeared to be related more to temperature than any of 
ttl( ther fae tors tes ted." 
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MunciLe, J. H, 
1969. Ecological implications of the diet of juvenile coho in streams. 

Symposium on salmon and trout in streams. H. R. MacMillan Lectures 
in Fisheries, Univ British Columbia. pp.135-l52.o 

"The requirements of the salmonid egg result in fry emerging into 
turbulent unproductive water. There is, therefore, a precarious balance 
between energy spent by fry obtaining food and the reward gained. Coho fry 
save '>nergy by living close to the margin of streams. This results in loss 
01 mid-stream foods. The holding capacity of streams may be raised by the 
artificial provision of marginal back eddies. The earliest meals of fry 
re f] ec t the habitat on emergence and the size of the fish: later foods can 
he very diverse. Their analysis can be facilitated by collecting drift and 
emerging insects simultaneously. The correspondence between drift and diet 
Lr a 24-hr period need not be close. Where food is scarce exuviae are eaten, 
wlere plentiful, they are rejected. The food sources of the insects which 
.llckc up the diet are the primary production of lakes, detritus of terrestrial 
u;igin, or its microflora, and terrestrial production. An ideal food channel 

(,,11;1 receive contributions from each of these, and have shallow fast-flowing 
w;,"ter, narrow width, numerous areas of marginal slack water and no extremes 

," flow. Increased production of coho is most likely to come from measures 
(\1 flow regulation ranging from simple stream management to elaborate 
':uginecring projects " o 

M,'ndie, J. H. 
19710 The diel drift of chironomidae in an artificial stream and its 

relation to the diet of coho salmon fry, Oncorhynchus kisutch 
(Walbaum)" Can. Ent. 103: 289-297. 

"The ,Hel pattern of drifting adults, pupae, pupal exuviae, and larvae 
[lironomidae in a stream was established. Emergence was trimodal for the 

cemmon species (Cricotopus sp. and Psectrocladius sp.), and larval drift 
rites increased almost two-fold in darkness. The concurrent diel consump
ti on of Chironomidae by coho fry was examined. The fish appeared not to make 
USE 0f the peak drift-rates of larvae. Closest temporal correspondence 
bEtween drift and diet was shown by adults. Forage ratios demonstrated 
]~ater consumption of chironomids than would be expected from their pro

}( r Ii ons in the drift, The order of acceptance was pupae, adults, larvae, 
:-11 Xli lae. High degree of utilization of an item is attributed to flota-
I on and visibility" The major determinants of how much food is taken from 
tIl stream are identified as: marginal residence of the fish, the occupation 

the [ish of slow-water feeding stations, and the visibility of food items." 

Na 1"\ r David W. 
!97~~. A survey of some possible effects of logging on two eastern 

Vancouver Island streams. Fish. Res. Bd. Canada. Tech. Rept. No. 
~\23. 55 pp. 
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"Late summer standing stock estimates of the trout population in Jump 
Creek was considerably greater in the timbered (2226 fish/acre and 38.8 
los/acre) than the logged section(l!+20 fish/acre and 3.9 lbs/acre). The 
standing stock of juvenile coho salmon and steelhead in Wolf Creek ranged 
from 6722 fish/acre (27.9 lbs/acre) to 10,206 fish/acre (49.8 lbs/acre) 
'(vith the highest density (mainly steelhead) in the logged sections. Stock 
estimates for these two streams are similar or higher in comparison to other 
stream salmonid populations reported in the literature. 

Other possible effects of logging revealed in this survey was fish size, 
t n~am temperature and stream channel width. A larger average size of each 

ag,-, group of trout in the logged section of Jump Creek compared to the 
timbered section may have been related to higher stream temperatures in 
June and July leading to faster development of pre-emergent fry and earlier 
emel:gence. Stream temperature in the logged sections were higher than in 
ups trealll timbered sections. In Jump Creek maximum temperature was 21. 1 ° C 

70.0°F) in the logged section and 15.1° C (59.2° F) in the timbered section; 
tvmperatures over 20° C (68° F) lasted only a few hours each day. The channel 

f both streams in the logged sections appeared badly eroded with cutbanks 
and wide gravel bars, but only in Wolf Creek was the channel significantly 
,",'ider in the logged than the timbered sections." 

Nilsson, Nils-Arvid. 
19"7" On the feeding habits of trout in a stream of northern 

Sweden. Rept. Instil. Freshw. Res. Drottningholm, 38:154-166. 

liThe stomach contents of about 300 trout, adults and fry, from the 
Riv;.~r Rensjoan district in northern Jamtland were examined. 

Differences were found in the food of lake-dwelling and river
dwelling trout, the lake-dwelling trout feeding mainly on fish and 
insects, the river-dwelling mainly on organic drift. 

Differences were found in the consumption of the food in the upper 
and in the lower course of the stream, the part played by the organic 
,Irift being more important in the upper course. 

rho fry Itlere found to consume mainly food objects of smaller size
 
t!Jan the adults, mostly planctonic crustaceans carried out by the current
 
in th(' au tfl ow of the lake.
 

~hc behaviour mechanism regulating the feeding of the fry is supposed
 
to he; of a simpler, more basic type than that of the adult fish.
 

Burbat were found to share their main bottom food, larvae of Trichop

Lera, with the trout, They did not, however, consume drift food to any
 
imFortant extend."
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Otto, Ro c., and J. E. McInerney. 
1970. Development of salinity preference in pre-smolt coho salmon, 

Oncorhynchus kisutch. J. Fish. Res" Bd. Canada 27: 793-800. 

"When tested in a horizontal salinity gradient, freshwater-adapted 
oho salmon exhibited a bimodal preference response throughout most of 

the pre-smolt period. Preference modes were located at freshwater and at 
,; ,11initY ntermediate between fresh and sea water. The concentration 

Ihl' higlK'r preterred salinity changed both with time and instantaneously 
~ith the dimensions of the test gradient. Fish tested in a gradient that 

riginated at 4"/•• exhibited a single preferred salinity at 7"1•• in June, 
I,hi h increased gradually to 13%. by February. The same fish tested in 

radicnt originating at freshwater showed a corresponding preference for 
,it] intennl'diate salinity in addition to their preference for freshwater. 
f'oweve c, th is second preferendum was at a somewhat lower salinity than 
tbat observed in tests in which freshwater was excluded from the gradient. 

Wi th thc' approach of the smolt transformation, preference for fresh

\I<itt,'[ was greatly reduced and the response distribution became unimodal.
 

110 l i IIll' during the period pdor to the smolt transformation did the
 
,'Y"l'jcru'd :salinity exceed 141:,,,."
 

tt .. 1<. C, 

1971. Effects of salinity on the survival and growth of pre-smolt 
coho salmon (Oncorhynchus kisutch). J. Fish. Res. Bd. Canada 
28:343-349. 

"SaJlnity tolerance of juvenile coho salmon (Oncorhynchus kisutch) 
n reased markedly during tlw period from approximately l~ months after 
i1l',q~('nce from the gravel to the onset of the smolt transformation, except 

r a o(:'cline in the fall. In January, salinity tolerance ceased to limit 
i :::',"rsa l to the sea. The limiting effects of high salinities on survival 
1'1 "5S for larger fish than for smaller individuals and were substan-

I j'llly rE'cluced by a period of exposure to dilute salinities. Growth rate, 
intake, and gross food conversion efficiency had the highest values 

sali'1ities of 5-10 ppt throughout the pre-smolt period. The results are 
!:" USS! d in relation to the feasibility of using saltwater impoundments 

I managl,'ITI('nt tool in increasing coho production." 

\ ~111nisanc) John F '"'! 

19] j Freshwater fooel habits of Salvelinus malma (Walbaum) on 
AlI1chitka Island, Alaska. M.S. Thesis, Utah State Univ. 86 pp. 

"Stomach contents of 3,672 Dolly Varden char collected from September 
967 to November 1968 were examined to determine the food habits of this 

~p('ciC's Of these, 3,100 (86"/0) had Eood in their stomachs. Aquatic 
'_'rtl; ),ltes (Insecta and Cnlstacea) comprised over 90"/0 of the diet. 

I, ,'tv! hab i Is varied with hahi tat. Aquatic insects were most important in 
t i. eli,'!' 11' stream fish while aquatic insects and crustaceans were most 
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important in the diet of lake fish. Food habits of lake fish were related 
to lake· bottom type and access to the sea. Fish in landlocked lakes fed 
primarily on aquatic insects, fish, and fish eggs. In lakes with access 
to the sea, cDlstaceans, followed by aquatic insects, were the major food 

terns in those with firm bottoms adjacent to shore while aquatic insects, 
followed by crustaceans, were the major food items in those with muck 
bottoms adjacent to shore. As fish size increased, feeding activity 
decreased and aquatic insects became less important in the diet while 
crus taceans and fish became more important. During summer, feeding 
activity was highest for lake fish while it was highest during autumn and 
summer for stream fish. Aquatic insects were the dominant food item in 
summer while crustaceans and fish were dominant in spring and autumn. 
Haturp and immature fish of similar size ate similar organisms. Mature 
fisb, however, fed more sporadically prior to spawning. Feeding activity 
was highest during daylight hours. Dolly Varden selected larger food 
items, such as insects and amphipods and ignored small items such as 
nematodes and oligochaetes." 

Palmisano, John F. and Helm, William T. 
1971. Freshwater food habits of Salvelinus malma on Amchitka Island, 

Alaska. BioScience 21(12):637-641. 

!lOf 889 fish sampled in streams, 80% had been feeding. Aquatic insects 
were present in 90% of the fish. Other food items were crustaceans (12%); 
fish and fish eggs (4%); and mollusks (2%). By volume, aquatic insects 
were dominant in 59% of the stomachs, crustaceans 10%, and fish and fish 
eggs in 3%. Aquatic insects were the basic food of fish from streams and 
certain types of lakes. 

There was a significant difference in the percent feeding between 
[he si!'c' classes of the fish. The smallest size class had the highest 
proportion of feeders. This proportion became progressively lower in 
each larger size class. Small fish more frequently consumed aquatic insect 
larvae than pupae and adults, crustaceans, fish or fish eggs. In the first 
four sizE' classes, aquatic insects were dominant by volume more often 
than other food items. As fish size increased, however, crustaceans, 
fish, and fish eggs increased proportionally in the diet. This change in 
riiet may have reflected the size of the food item that fish were able to 
ingest rather than the type of food item preferredo 

Of the aquatic insects, dipterons were the most common insects. The 
midge (Chironomidae) in its three life forms was by far the most common 
ciipteran in the diet." 

Peter~Qg G. Ross.
lYb6. The relationship of invertebrate drift to the standing crop 

af benthic organisms in a small stream. M.S. Thesis. Univ. 
British Columbia. 39 pp. 
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"I. Coho and steelhead derived a significant proportion of their 
IILet from groups of invertebrate that frequently occur in the drift. 

2 It was inferred that predation caused a drop in drift standing0 

crUD of insects in areas of high fish density. 

3. Coho fed more on drift than did steelhead. 

1+ 'fhe data suggest that steelhead fed more on the benthic while
0 

aho fed more on the surface. 

Higher fish standing crops in areas where greater drift occurred." 

Ranke I, Gary 1,0 

1971. An appraisal of the cutthroat trout fishery of the St. Joe 
River. M. S. thesis. Univ. Idaho, Cooperative Fisheries Unit. 

"In recent years the size and number of cutthroat trout (Salmo clarki) 
harvested from the St. Joe River have declined. To discover the extent 
(f the problem and its probable causes, I examined the life history, 
c.bundance, population structure and harvest of cutthroat trout. By 
comparing catch-effort, observed abundance (snorkeling counts), length 
Dnll age compositions of harvest, and survival rates of cutthroat from 

cavily and lightly-fished river sectors, and considering recent increases 
n fishing pressure, the extraordinary vulnerability of cutthroat, popula

on dynamics of the species and reports relating over-fishing and declin
tlg cut throat stocks, I concluded that over-fishing caused the recent
 
leterioration of the fishery."
 

Fleo, Richard Do and R. H. Armstrong. 
1971. Effects of logging on Dolly Varden. Alaska Department of 

Fish and Game o Federal Aid in Fish Restoration, Annual Report 
of Progress, 1970-1971, Project F-9-3, l2(R-IV):105 pp. 

Itrhis report presents the results of a single season effort to determine 
status of Dolly Varden, Salvelinus malma, populations along the Juneau 

load systC'nl by means of stream surveys, the number of Dolly Varden winter-
n L1' Alike Lake, and creel census. 

toLal of 57 streams and lakes is included in the analysis. Most of 
:llesC' sYstems were surveyed for species present, amount of rearing and 
pa\Ji1ing area available, and fishing potential. In addition as much infor

'1.1 ion as possible from other sources is included in this analysis. 

A total of 6,215 out-migrant sea-run Dolly Varden were counted at the 
,,'tke Creek Weir. Approximately 3,000 of these fish were between 10 and 20 

]w in lork length Of the Dolly Varden c:ensused along the Juneau roado 



system, 5.5/0 had spent the winter in Auke Lake. The census at Montana 
Creek revealed 12.7/ of the catch were from Auke Lake.0 

Of 581 fish censused, Dolly Varden made up 88% of the total catch. 
rh" Dolly Varden catch per angler hour was 0.54. 

Recommendations for research and management of Dolly Varden in the
 
Juneau area are presented. It
 

Ruggles, C. P. 
1966. Depth and velocity as a factor in stream rearing and production 

of juvenile coho salmon. Can. Fish Cul., 38:37-53. 

1 i..	 Shortly after emergence in the spring large numbers of coho fry 
moved both upstream and downstream from their place of emergence. 

2.	 Fry that had moved upstream after emergence tended to remain in the
 
artificial rearing channels to a greater extent than fry that had
 
moved downstream.
 

The amount of downstream migration was controlled, at least in part, 
by the availability of low velocity water. Over twice as many fry 
remained in a pool-like situation as in a riffle-like situation. 
An intermediate number of fry remained when the depth-velocity 
situation was somewhere between pool and riffle. 

'+0	 The addition of shade reduced the initial holding capacity of one
 
of the experimental rearing channels.
 

).	 The addition of cover reduced the over-winter carrying capacity of
 
one of the experimental rearing channels.
 

6.	 Coho fry in a riffle-like environment showed strong agonistic
 
behaviour and territoriality.
 

7.	 Coho fry in a pool-like environment showed less agonistic behaviour 
and territoriality. 

g	 More age I coho smolts were produced in the pool-like environment. 

9,	 Hore fish food was produced in the riffle-like environment. 

10	 The most coho smolt production occurred in a channel composed of
 
one-half riffle and one-half pooL This was especially evident in
 
terms of biomass of migrating smolts .. "
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Saunders, R~chard L. and Gee, John H. 
1964. Movements of young Atlantic salmon in a small stream. J. 

Fish. Res. Bd. Canada, 21(1):27-36. 

I The locatLons of tagged parr and fin-clipped fry were observed 
rom summer through early winter in a 1000-ft (328-m) study area of a 

,mall coastal stream. Tagged parr were usually found in or near places 
of original capture which are herein designated as homes. Parr whose 
homes were in pools, which appeared to be as suitable habitats as riffles, 
~mcl tliosC in adjacent riffles appeared to stay in their respective habitats. 
~:ome returned to their homes after having been moved as much as 700 ft 
:)13 m) upriver or downriver. Fry were most numerous in shallow riffles 
ilnd appeared to remain within small areas of the stream during summer but 
'lOved into parr habi tats, the pools and deep riffles in autumn." 

Scars, Howard S. and Meehan, William R. 
] 969. Short tenn effects of 2,4-D on aquatic organisms in the 

Nakwasina River watershed, Southeastern Alaska. U.S. Fish and 
Wildlife Service. Bur o Comm. Fish Biol. Lab. Auke Bay, Alaska 
24 p (Taken from Sinha 1971). 

liThe Forest Service sprayed 2,4-D on logged off land on Baranof 
sland to control Red alder at a rate of 2 lbs/acre. There was no 

,; ignificant immediate mortality to fish (Coho salmon and Dolly Varden) 
:tne! aquatic insec ts even in streams that were sprayed directlyo Water 
;dl'lples and fish tissue samples analyzed for 2,4-D content showed cone.
 
C'vels below those considered lethal."
 

:',i,clpovalov, Leo and Taft, Alan Co 
1954. The life histories of the steelhead rainbow trout (Salmo gairdneri 

gp.irdne ri) and silver salmon (Onchorhynchus kisutch) with spec ial 
reference to Waddell Creek, Calif., and recommendations regarding 
their management. Cali£. Fish. Game, Fish. Bull. No. 98, 375 ppo 

Presents information on most of the aspects of the freshwater rearing
 
ll'rl '.H) of ymwng coho salmon and steelhead trout.
 

nhd '! l'~\,r(l lyn
 
197L. Lake and river pollution - an annotated bibliography. Ocean
 

Engineering Information Series Vol. 4.
 

This bibliography contains 601 INFORMATIVE ABSTRACTS of literature 
\ii('ing substantial scientific and technical infonnation obtained from 

Il al and regional studies in laboratory and field investigations of lake 
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and river pollution. These deal with the parameters of pollution and 
pollutants; the agricultural, atmospheric, domestic, and industrial 
source's of pollution and with effects of engineering activities; hydrological, 
geological and meterological processes involved in 
understanding the paths of pollutants; the effects of pollution on fishes, 
invertebrates including insects, macrophytes, plankton, zooplankton, 
hacteria, fungi, viruses and yeasts, birds, and on human health. Trends 

n water quality management are also considered. A bibliography of biblio
raptlies, a detailed subject outline, a key term index and an index citing 

al} authors and coauthors are included. Represented are world wide sources 
oun,; in 144 journals, some 25 national and international conferences and 

TII,)H' than 80 addi tional s curces cons is ting of governmental research reports, 
institutional and industrial contract reports. Intended as a guide in 
intt.·rdiscip1inary studies of lake and river pollution. Coverage 1968
i97CJ inclusive. 

Skeesick, Delbert G.
 
1970. The fall immigration of juvenile coho salmon into a small
 

tributary. Res. Rept. Fish Comm" Oregon. 2(1):90-95.
 

"'I'lic Fish Commission operated an upstream-downstream trap on Spring 
:rh'k, \'; Ison River from 1948 through 1958" Each fall an upstream migration 
Ji relatively large juvenile coho occurred., An average of 62.6% of the 
:'al1 ups tream migrants survived and returned downstream in the spring as 
smalLs c The fall upstream migrants which survived to the smolt stage 
averaged ILl· mm longer at emigration than smolts which had spent their 
entire lives in Spring Creek. The recapture rate of mature fish that had 
been fall upstream migrant juveniles was 0.3/0 while the recapture rate 

rom fish native to the stream was 0.8%. I theorized that (1) the 
juveniles had spent the summer rearing in the Wilson River where they 

!md grDwn rapidly; (2) the juveniles entered Spring Creek in the fall to 
~scape the high, turbulent water conditions of the main river; and (3) 
adults, that had been immigrants, received a permanent imprint of their 
natal stream and had returned there rather than to Spring Creek. 
OhsQrvat i.ons from two other river sys terns are reported to substantiate the 

!lavior pattern and suggest that other species may have similar habits. 
Utanges in habitat management and research concepts that will be necessary, 
if this behavior pattern is widespread, are discussed." 

Smok('r, William A. 
1953" Stream flow and silver salmon production in western Washington. 

Wash. DepL Fish. Res. Papers. 1(1):5-12. 

"The significant grouping of silver salmon catch data about the 
i~('gression line established by different annual runoffs shows that for 
t~il(' period 1935 through 1950 the success of the commercial silver salmon 
ishcl~ in western Washington has been related to the extent of the runoff 
n i L:c, streams." 
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Stauffer, 1'. M. 
1972 0 Age, growth, and downstream movement of juvenile rainbow trout 

in a Lake Michigan tributary. Trans. Amer. Fish o Soc. 101(1): 
18-28. 

"Juvenile cainbow trout were examined during 1951-59 while in stream 
:~lrsery areas and when migrating downstream. Their body-scale relationship 
\Jas: total length (mm) = 40.6 + 2.10 scale radius (mm XlO7) and relation
:;llip between length (mm) and weight (g) was ~r = 0.00001384L3.0lZ6. Age 
'omposition of trout during autumn in the nursery areas averaged 68% age 
)029'/, age I and 370 age II; trout in the downstream migration averaged 64% 

age I, 34% age II and 2'7. age III. Mos t downs tream migration occurred 
')etween 21 May and 30 June, at night, on subsiding water levels and at 
'JaU'r temperatures of 9-17 C. There was an association between numbers of 
juveni] es anel in the nursery areas and numbers of subsequent downstream
 

rant •
 

irout grew about 76 mm per year; growth was similar to that in other 
, ;rca t Lake s tributaries and to growth in Pac ific Ocean tributaries. Mos t 
lcnvns cream migrants in Great Lakes tributaries were age II or less, while 
in Pacific Ocean tributaries, most were age II and III. Time of migration 
~as about the same in Great Lakes tributaries as in Pacific Ocean tribu
tElrie So It 

Sutterlin, A. M., and N. Sutterlin. 
1970. Taste responses in Atlantic salmon (Salmo salar) parr. J. 

Fish. Res. Bd. Canada 27:1927-1942. 

"External receptors located in the snout region of Atlantic salmon 
f,arr are innervated by the facial nerve and are differentially sensitive 
i 0 several chloride salts (NaCl = KCI;> MgClZ ;:::>CaCIZ)' They are also 
cnsitive to mineral and organic acids but insensitive to uncharged 

·wlccules such as neutral amino acids and simple sugars. 

The palatine organ containing taste buds situated on the roof of 
;i\e mouth is sensitive to strongly ionized as well as uncharged molecules. 

The two classes of receptors differ in temporal patterns of dis
.·!Iarge and in their susceptibili ty to the blocking agents Hg+t and Pb+t 
md the potentiating agent CU++o 

Salmon parr can detect Hg++ in concentrations lower than other 
divalent cations as judged electrophysiologically; food pellets treated 

j th dilute solutions of Hg+t are rejected by the fish. 

liS chain length increases in the aliphati acid series the compounds
 
)i. orne increasingly stimulatory as measured by nerve discharges in the
 
):.llatine nerve.
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Inert carriers treated with aliphatic acids of increasing chain 
length become increasingly preferred by salmon, and carriers treated 
with valerie and caproic acid are ingested. 

Anosmic fish are capable of discriminating chemically treated carriers 
in a way similar to fish in which the olfactory organ is intact. 

The cellular nature of external receptors of the snout is uncertain; 
the possibility that they are neuromasts is discussed." 

Wan, D. M. 
1971. Predation by rainbow trout (Salmo gairdneri): the effect of 

experience. J. Fish. Res. Bd. Canada 28:1847-1852. 

Rainbow trout (Salmo gairdneri) provided with unfamiliar palatable 
ood changed several components of their feeding behaviour and demonstrated 

that they can develop searching images for specific prey. Naive fish 
required an average of 4 days of experience, each of which consisted of 
exposure to six food particles, before they approached novel prey. After 
this time the distance from which trout attacked food improved and had 
doubled by the 12th day of exposure. When conditioned animals were deprived 
of experience for 90 days, the distance of reaction fell back to the 
Initial naive level. The relation of these results to current work on 
searching image formation is duscussed. 

Wagner, H. H., Conte, F. P., Fessler, J. L. 
1969. Development of osmotic and ionic regulation in two races of 

chinook salmon (Onchorhynchus tshawystcha). Compo Biochem. 
Physiol. 29:325-341. 

"1. The development of the hypo-osmotic regulatory system was followed 
Ln juvenile fall and spring chinook salmon while in the freshwater environ
ment. The experimental animals were exposed to sea water of various 
,..;alinities by immediate or gradual transition. Measurements of survival 
and changes in the osmotic and ionic properties of the blood were made 
fo I lowing exposure to sea water. 

2. The ontogeny of hypo-osmoregulation appears to be similar for
 
individuals in both races.
 

The rate of development of hypo-osmoregulation is influenced by 
pri or acc limatiotl to waters of lower salinity and by the growth of the 
experimental animals." 

l.Jarren, Charles E., Wales, Joseph H., Davis, Gerald E., Doudoroff, Peter. 
1964. Trout production in an experimental stream enriched with 

sucrose. J. Wildl. Mgmt. 28(4):617-660. 
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"From 1960 through 1963, three experiments were performed on the 
production, food habits, and food consumption of coastal cutthroat trout 
(Salmo clarki clarki) in sucrose-enriched and in unenriched sections of 
Berry Creek, a small woodland stream in the Wil1amette River Basin of 
Oxegon G These experiments were part of a general investigation of the 
trophic pathways through which energy from light, organic debris, and 
dissolved organic matter enters into the production of fish and other 
crganisms o The flow in a 1,500 foot portion of Berry Creek was controlled 

means of a diversion dam and a bypass canal. Four sections of this 
lor i on of the stream, each consisting of a riffle and a pool, were 
separated fine screens which prevented the drifting of fish-food 
(rga.nisms Crom one sec tion to the next G The water in two sec tions was 
continuously enriched by introducing a few milligrams of sucrose per 
liter, and most of the deciduous forest canopy was removed from one of 
the enriched and one of the unenriched sections. Only the enrichment 
v'1.th sucrose led to large and consistent increases in food consumption 
and production of trout: food consumption was increased about twofold 
imel trout produc tion usually much more than sevenfold. Trout production 

lllreased so much mon~ than food consumption because only a relatively 
bmall portion of the comparatively large amount of food consumed in the 
enriched sections was required for maintenance of the trout stocks. 
':'h(' maintenance food requirements of the trout in the four sections 
l(cmally were not materially different, but most of the food produced 
:mel available in tbe unenriched sections was required for maintenance, 
uLth little left for promoting growth. Food consumption values are 
')c:I.ieved to be more reliable meaSUH'S of the relative productivity of 
Ih(' different sections for trout than are production values. Results 

f studies of food habits of the trout and available data on biomasses 
If insects in the riffles indicate that increased food consumption and 

production of trout in the enriched sections were made possible by 
gn'atl'[' aimndancC' of aquatic food organisms, especially of tendipedid 
.chironomid) larvae, the consumption of terrestrial food being roughly 
,'qual in all sections. Introduction of sucrose resulted in growth of 

he bacterium Sphaerotilus natans, a slime organism frequently associated 
1vit11 organic pollution. This bacterial growth provided food and habitat 

or tendipedid larvae, the most important food organisms of trout in 
enriched sections o Concepts of trophic relations in aquatic 

's st.ems and the application of these concepts to problems of water 
")OU management are discussed in the light of the findings." 

W1ters, Thomas F. 
L969. lnvertibrate drift-ecology and significance to stream fishes. 

Symposium on salmon and trout in streams. H. R. MacMillan 
Lectures in Fisheries. Univ. British Columbia. pp. 121-134. 

"Many species o[ invertebrates, though not all, exhibit high rates 
f downstream drift in a diel periodicity. Most are night-active, for 

.vhom light intensity is the phase-setting mechanism; but some species 
an' day-ae ti ve, for whom water temperature may be the phase-setter. 
j.j, patterns consist of one or more peaks, occurring at various times 
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Dr the 24 hour period depending on species. Magnitude of the drift
 
appears to be a function of water temperature, current velocity, stage
 
of life cycle, and population density and growth rate.
 

The direct significance of invertebrate drift to stream fish is
 
in an apparent increase in availability as food. Whereas stream
 
sa1monids utilize drifting invertebrates as food to varying degrees,
 
a substantial proportion of the diet is also gained by bottom foraging."
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